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Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you dont 


With Salpix as your contrast medium, your gynecologic pa- CONTRAST MEDIUM 


tient needn't undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body TRADEMARK 


reactions, yet it provides the viscosity needed for adequate saon ce contains: 
ji ; j d 4 sodium acetrizoate 0.53 g and 


visualization. DinvipuMraltdens 0.23 
Contraindications: Contraindications to hysterosalpingography include the pner po di 8 
presence of severe vaginal or cervical infections, existing or recent pelvic 

infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 

cedure is contraindicated during the immediate pre- or post-menstrual phase. 

Sensitivity Test: If indicated in the patient's history, an intracutaneous skin test 

or sublingual absorption observation may be done with 0.1 cc Salpix. 


Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 
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nomo 68E 
amax 78E 
procedúre- -designed 


x-ray tubes 


Designed for the exacting techniques of 
neyroradiography Machletts Dynamax 78E and 
Dynamax 68E inserts feature a large focus to 
permit the use of heavy-duty angiographic 
procedures with conventional films and screens. 


Dynamax 78E 10/57 inserts biased for small 
focus will resolve 7 1/2 lines per millimeter at 
3-power magnification at 100 mA and 70 kVp. 


Dynamax 68E 13/87 inserts biased for small 
ius will resolve 5 lines per millimeter at 2-power 
magnification at 140 mA and 70 kVp. 





Have your unit refurbished 
and source replaced by the 
World's Teletherapy Specialists. 














Excellent visualization in intravenous pyelogram 18 hours after administration of 2 V» oz. X-PREP Liquid for 
preradiographic bowel cleansing. (In the files of the Medical Department of The Purdue Frederick Compar 


To prep the bowel for intravenous pyelography 


X-PREP Liquid 


(standardized extract of senna fruit 


One step » One dose « One bottle 





O X-PREP Liquid is designed O A single 2172 oz. oral dose is L Pleasant taste meets with high 
specifically for preradiographic usually all that is required. No patient acceptance. Ease of 
bowel cleansing — without enemas, residual oil droplets (such as may administration is appreciated by 
suppositories or overhydration. occur with castor oil). the patient and nursing staff. 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 


© COPYRIGHT 1975, GRAY PHARMACEUTICAL CO./ NORWALK, CONN. 06856 A7901 160875 





a significant 
advance in 
postevacuation 
Ccholecystography 


Kinevac 


Sincalide for Injection 


m a convenient alternative to the fatty meal 
m optimal gallbladder contraction in 5 to 15 minutes 


m complete physician control 


Molecystogram exposed before TCholecystogram exposed 10 minutes after 
injection of Kinevac (Sincalide for Injection). injection of Kinevac (Sincalide for Injection). 
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Rapid, predictable gallbladder contraction 


In cholecystography, Kinevac produces diagnostically 
satisfactory gallbladder contraction in 5 to 15 minutes. 


A convenience to physician and patient 


Provides the physician with an alternative to the fatty meal 
or fatty meal substitute when such a choice is desirable, 
gives greater control, permits a barium meal examination 
immediately following cholecystography, and results in an 
economy of time and personnel. 


Valuable adjunct in diagnosis of diseases 


Kinevac provides a sample of gallbladder bile that may be 
aspirated from the duodenum for analysis. In conjunction 
with secretin, it stimulates pancreatic secretion for analysis 
of its composition and examination of its cytology. 


A significant scientific achievement 


Sincalide, the C-terminal octapeptide of cholecystokinin 
synthesized in The Squibb Institute for Medical Research, 
reproduces all the known biological activity of the intact 
cholecystokinin molecule. 





Kinevac: 


Sincalide for Injection 





©1977 E.R. Squibb & Sons, Inc. H637-501 


KINEVAC (Sincalide for Injection) 


DESCRIPTION: Kinevac (Sincalide for 
Injection) is a sterile, lyophilized, white 
powder of the synthetic C-terminal 
octapeptide of cholecystokinin. Each vial 
provides 5 mcg. sincalide with 45 mg. 
sodium chloride as a Carrier; sodium 
hydroxide or hydrochloric acid may be 
added during manufacture to adjust the 
pH to 5.5 to 6.5. When reconstituted with 
5 ml. of Sterile Water for Injection 

U.S.P., each ml. contains 1 mcg. sincalide 
and 9 mg. sodium chloride. 


CONTRAINDICATIONS: Contraindicated 
in patients sensitive to sincalide. 


WARNINGS: Usage in Pregnancy— 
Although no teratogenic or antifertility 
effects were seen in animal studies, data 
are inadequate to determine the safety 

of sincalide in human pregnancy. 
Accordingly, sincalide should be used 

in pregnant women only when, in the 
judgment of the physician, the benefits 
outweigh the possible risk to the fetus. 


Usage in Children— The safety of 
sincalide for use in children has not 
been established. 


PRECAUTIONS: The possibility exists 
that stimulation of gallbladder contraction 
in patients with small gallbladder stones 
could lead to the evacuation of the 
stones from the gallbladder, resulting in 
their lodging in the cystic duct or in 
the common bile duct. The risk of such 
an event is considered to be minimal 
because sincalide, when given as 
directed, does not ordinarily cause 
complete contraction of the gallbladder. 


ADVERSE REACTIONS: G.l. symptoms 
such as abdominal discomfort or pain, 
and an urge to defecate, frequently 
accompany the injection of sincalide. 
These phenomena are usually 
manifestations of the physiologic action 
of the drug, which include delayed 
gastric emptying and increased intestinal 
motility, and are not to be construed as 
necessarily indicating an abnormality 
of the biliary tract unless there is other 
clinical or radiologic evidence of 
disease. Nausea, dizziness, and flushing 
occur occasionally. 

For full prescribing information, 
consult package insert. 


HOW SUPPLIED: Kinevac (Sincalide for 
Injection) is supplied in cartons of 10 vials, 
each vial containing 5 mcg. of sincalide. 


SQUIBB” 

™ The leader in 
radiologic 
diagnostics 








KODAK: 


HELPING TURN 
ENERGY 
INTO IMAGES, 


RADIOGRAPHY: COMPUTERIZED TOMOGRAPHY 
ULTRASOUND : NUCLEAR MEDICINE: THERMOGRAPHY 





Kodak products. For the constant imaging needs of 
today's radiography. 

s Kodak's role in diagnostic imaging stems from almost 
a century of expertise in photography—out of which 
Kodak has built a background of expertise in 
radiography. 

And this translates into Kodak products: | 
quality medical x-ray films and intensifying — . Au 
screens that interact with energy to help 7 2% 
create diagnostic images. 

For general radiography: E 

.« Kodak X-Omat RP film—a high-con-  ;:"” 

~ trast, fast film, providing excellent — |: 
detail; Kodak X-Omat L film—a 
wide-atitude film that can record a 
wide range of tissue densities; Kodak 
X-Omat G film—a high-contrast film, providing 
excellent sharpness of detail with a low quan- 
tum mottle graininess. And many others ... 
plus Kodak Lanex screens which, when used 

* with Kodak ortho G film, provide increased 
speed and reduced patient exposure. 

For special imaging technics: 
Kodak X-Omat subtraction masking film, 
as well as Kodak films for radiation therapy 
monitoring, for duplicating, for cinefluorog- 
raphy, for spot filming, and for photofluorog- 
raphy, and Kodak Min-R screen and film 

+=, for mammography. 

3 All of these films can be autornatically pro- EU 
cessed in the dependable, 90-second Kodak RP 7 
X-Omat processor, model M6A-N—for high- "ene 
volume radiography; or the smaller, compact, 150-second Kodak 
RP X-Omat processor, model M7A—for satellite areas. The model 





M 7A processor uses tap water to 
wash films, saves on water heating _ 
costs. The model M7A processor > 
also offers an energy-saving, 
standby-control unit that con- 
serves power when the processor 
Is not in use. Both processors can 
| use our carefully formulated chem- : 
icals that offer potential economies through lower 
replenishment rates. 
Other important tools for turning energy into 
images: Kodak X-Ormatic cassettes. They're durable 
and lightweight. And they have specially designed 
curved covers that roll out air to create an intimate 
screen/film contact when closed, for consistently high 
image quality. 
Kodak products. For the changing needs of 
the new world of diagnostic imaging. 
Kodak has the expertise in how to apply imaging 
technology to the new diagnostic modalities. And 
Kodak has kept pace with the growing needs by pro- 
viding products that can accurately record the infor- 
mation displayed on cathode-ay tubes or video 
monitors. 

Kodak has films for nuclear medicine: for re- 
cording multiple, single, or dynamic images. Both 
single and double emulsion films. With spectral 

sensitivities compatible with cathode-ray tube 
displays. m 
Kodak also has films for CT scanning, for ul- 
trasound, for thermography that can capture a wide 
range of gray tones. 
The Kodak TSR: The logical link with 
your world of diagnostic imaging. 





Your needs direct the extent of Kodak's help to you and 
your staff—through the services of your Kodak Technical Sales 
“Representative whose qualifications are based on extensive train- 
ing and experience in diagnostic imaging. Your Kodak TSR 
offers personal service and technical expertise directed to pro- - 
ducing quality results on the view box. Your TSK can also ar- 
range for seminars, lectures, special training courses for tech- 
nologists, maintenance training for personnel involved with pro- 
cessors ... or provide manuals, product brochures, technical 


publications, technical aid materials, slide lectures, medical 
charts and audiovisual presentations. Contact your TSR to help 
you get the most out of your Kodak products and to help you 
get the most out of your x-ray department. Or consult your med- 
ical x-ray products dealer. Or write: TURNING ENERGY 

. Eastman Kodak Company, Dept. 740-B, INTO IMAGES 

_ Rochester, New York 14650. urease TRL SORS THERMOGRAPEN 
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EMI IS BUILDING 
- ON PERFORMANCE...NOT PROMISES; 
EXPERIENCE...NOT EXPEDIENCY: 








If you plan a CT acquisition this EMI's record of performance IS EMI has the largest, most 

year, chances are you'll hear a lot unequaled in the industry... more experienced CT service 

of "generation" talk, engineering installations, more fast-scan organization in the world. Over 500 

specs, promises and claims. But systems, more upgrades and professionals dedicated to 

the truth is, when you ve examined more patient scans than all the customer training, service and 

all the facts, no CT company competition. support. A nationwide network of 

today has more to offer than EMI: e Over 800 CT systems installed highly skilled field service personnel 

proven technology, superior or on order; has ready access to local inventories 

image quality, demonstrated e 220 CT5005 fast-scan units in Of Spare parts to minimize downtime 
P ^  upgradability, dedicated CT place: and insure prompt response. 

Ars cma and a decade of e Over 100 system upgrades EMI achievements continue to 

| completed to date; pace the CT industry. F/RST CT 
The EMI CT5005 System is— e 3 million patient studies on scanner; FIRST fast-scan, general 
unquestionably —the best, most record: purpose system; FIRST upgrade 


proven, general diagnostic fast | program; F/RST trade-in 
scanner today. Unmatched d DM PUE program; FIRST redeveloped, 


record of reliability, diagnostic/ low-cost CT system; FIRST mobile 
| performance flexibility and CT scanner ...and that's just the 
| dedication to image quality. beginning. 


EMI-Scans display significantly 
more clinical data than scans 
produced on competitive 
equipment. Exquisite anatomical 
detail. Optimum spatial and 
density resolution. Compare. 


EMI's continuing investment in 
research and development reflects 
dedicated responsiveness to the 
needs of the medical community: 
image quality, patient safety, 
operational efficiency and economy. 





Standard of the Industry. 


EMI Medical 


EMI Medical Inc, 3605 Woodhead Drive, Northbrook, IL 60062 


A member of EMI group. International leader in music, electronics and leisure 





When handling exposed x-ray film, care must be allows transport of the film under ideal conditions. 
taken to assure the original integrity of the exposed No pulleys, rollers or vacuum devices are present to 


film. That's why we decided not to "handle" the introduce erroneous information to the exposed film. 
film in our new Conveyor for use with the Ultra- A The Conveyor System is available in two configura- 
rad System for chest radiography. WN How ` \ tions for convenient addition to your Ultrarad Sys- 


can film be moved without handling it? This 
question kept the boys in the back room busy 
for awhile, but, according to them, the an- 
swer was simple. Gravity — drop the ex- 
posed film into a "bucket", mechanically 
transport the "bucket" from the Ultrarad 
to the Processor* and gravity drop the 
film from the "bucket" into the Pro- 
cessor. This method of handling 


tem for chest radiography. ™ We would like to 
tell you more about our new Conveyor. For a free 
copy of our new Ultrarad brochure, contact 
your local x-ray supplier or write direct. m 
Remember . . . it's just a drop in the bucket. 












“KODAK RP X-OMAT Processor, Model M6A-N 


SYBRON| Liebel-Flarsheim 


Liebel-Flarsheim Co, 111 E. Amity Rd. Cincinnati, Ohio 45215, USA. 
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SOLUTION: MED-TECH Occlusion 
Balloon Catheters 


REF: Greenifisid. A.d.: A ansca thot Embolization: Complications and Prevention With Balloon Catheters. PROGRAM OF THE AMERICAN 
ROENTGEN RAY SO AETY: gas dsi Annual Meeting, September 26-30, 1977, Boston, Mass. 


olic Agents 














Medi-Tech Occiusion Balloon 
jalloon inf r = Catheter OB/7/2/65 (also used 
bolization | I : in X-Ray at left) 





When carrying out therapeutic embolization, the risk that embolic agents will be carried to non-intended 
locations should be considered. 
REF: Woodside, J.; Schwarz, H.; Bergreen, P.: Peripheral Embolization Complicating Bilateral Renal Infarction With Gelfoam. Americar 
Journal of Roentgenology: Vol. 126: 1033-1034, 1976. 


Gang, D.L.; Dole, K.R.; Adelman, L.S.: Spinal Cord Infarction Following Therapeutic Renal Artery Embolization. JAMA VOL 
237, No. 26, June, 1977. 


cm: — Bradley, E.L.; Goldman, M.L.: Gastric Infarction After Therapeutic Embolization. SURGERY: Vol. 79, No. 4, April 1976 


With the development of the MEDI-TECH Occlusion Balloon Catheters this risk has been significantly 
reduced. 


MEDI-TECH offers the only balloon catheter available today with a polyethylene catheter | )ody. 
Unlike polyvinyl chloride (PVC) which softens at body temperature, polyethylene retains its torque 
and holds pre-set curves. This enables selective placement of the balloon either with or against the 
blood flow. 


The smooth tip profile and large |.D. (.038" in the 7F) allow percutaneous introduction by Seldinger 
Technique over a .035" guide wire. 


(For more information fill out the coupon below and mail, or call Toll Free 800-225-3238). 
In Massachusetts 617-923-1720. 


CATHETERS AVAILABLE [ ép MEDI-TECH 
S 


Div. of Cooper Scientific Corporation 
Catalog Balloon |Tip I.D. Usable 372 Main Street - Watertown, Massachusetts 02172 
Number Lumens | Dia. (mm) EN 000") P (cm) 
OB/7/2/65 












[ ] i'd like more information sent 
C] i'd like a representative to call 
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e Choice of dose forms | * Minimal side effects 
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Oragrafin 


alcium Granules 
(Ipodate Calcium for Oral Suspension USP) 


for rapid same day cholecystography 


Oragrafin 


Sodium Capsules 
(Ipodate Sodium Capsules U.S.P) 
for routine overnight cholecystography 
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Oragrafin^ Calcium Granules 
Ipodate Calcium for Oral Suspension U.S.P. 


Oragrafin® Sodium Capsules 
Ipodate Sodium Capsules U.S.P. 


CONTRAINDICATIONS: Both preparations are contraindi- 
cated in patients who are hypersensitive to ipodate salts. 
WARNINGS: A history of sensitivity to iodine per se or to other 
iodinated compounds is not an absolute contraindication to 
the use of these preparations, but calls for extreme caution in 
administration. 

Usage in Pregnancy: The safety of these preparations for 
use during pregnancy has not been established: therefore, 
they should be used in pregnant patients only when, in the 
judgment of the physician, their use is deemed essential to 
the welfare of the patient. 

PRECAUTIONS: Increasing the dosage above that recom- 
mended increases the possibility of hypotension. Anuria may 
result when these preparations are administered to patients 
with combined renal and hepatic disease or severe renal im- 
pairment. Renal toxicity has been reported in a few patients 
with liver dysfunction who were given oral cholecystographic 
agents followed by urographic agents. Administration of 
urographic agents should therefore be postponed in any pa- 
tient with a known or suspected hepatic or biliary disorder 
who has recently taken a cholecystographic contrast agent. 
Gastrointestinal disorders which interfere with absorption 
and liver disorders which interfere with excretion may result in 
nonvisualization of the hepatic and biliary ducts and the gall- 
bladder.Contrast agents may interfere with somechemical de- 
terminations made on urine specimens; therefore, urine 
should be collected before administration of the contrast 
media or two or more days after wards. Thyroid function tests, 
ifindicated, should be performed priortothe administration of 
these preparations since iodine-containing contrast agents 
may alter the results of these tests. 

ADVERSE REACTIONS: Mild and transient nausea, vomit- 
ing, or diarrhea sometimes occur; the incidence can be re- 
duced by using the calcium granules and restricting the 
dosage to 3 g. in persons prone to gastrointestinal reactions. 
Transient headache, dysuria, or abdominal pains may occur. 

Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions (fever, rash, arthralgia), other skin 
rashes, and rarely anaphylactoid shock. They are more likely 
to occur in persons with a history of allergy, asthma, hay fever, 
or urticaria and in those who are known to be hypersensitive 
to iodine compounds. 

Note Concerning Dosage: A total dose of 6 g (12 cap- 
sules or 2 packets of Granules) per 24-hour period should not 
be exceeded. 

For full information, see Package Insert. 

HOW SUPPLIED: Oragrafin Calcium Granules (Ipodate Cal- 
cium for Oral Suspension U.S.P.) provide 3 g. ipodate calcium 
per packet; available in boxes of 25 single-dose foil packets. 
Oragrafin Sodium Capsules (Ipodate Sodium Capsules 
U.S.P.) provide 0.5 g. ipodate sodium per capsule; available 
in boxes of 25 vials (each vial contains 6 capsules), in bottles 
of 100, and in Unimatic* packages of 100. 


€1977 E R Squibb & Sons, Inc. H637-502 





CHARLES C THOMAS « PUBLISHER 


ATLAS OF BRAIN ANATOMY FOR 
C.T. SCANS: 
Using EMI Terminology 
Second Edition 
Prepared by 
Fred C. Shipps 
J. McAndrew Jones 
Anthony D’Agostino 


All of 
Good Samaritan Hospital and Medical Center 





Portland, Oregon 


The Second Edition of this atlas surpasses the usefulness even 
of its predecessor as a reference in computerized tomography 
and as an instructive tool. The text has been greatly expanded, 
with several new chapters and greater precision and clarity 
given to retained material. 


The book continues to offer a rapid and convenient review of 


cross-sectional anatomy of the brain as found on C.T. scans. It 
demonstrates the basic modes of positioning the head in the 
scanner for 0° and 15° orbitomeatan angles. The gross anatom- 
ical structures that can be seen in the various scans are located 
and named on the brain specimens. Sample C.T. scans have 
been included to correlate with brain specimens. EMI termi- 
nology is employed throughout in identifying brain slices. 


Many additions and revisions have been made for this edition 
to maintain currentness in the text. Experience has shown that 
the 15? canthomeatal angle cuts have become standard, so these 
are emphasized in this edition. The anatomical importance of 
brain specimens cut at the 0? canthomeatal angle is recognized, 
however, and this view has been retained. The unique self- 
teaching feature of the original edition, the overlay format, has 
also been retained. This offers an added dimension, not found 
in standard texts, which allows students to test their knowl- 
edge through visual comparison rather than through simple 
review. 

Several entirely new chapters have been added. Identification 
of Common Artifacts covers a most important topic for the 
exclusion of false positive diagnoses; Window Width, Window 
Level, and Mu will expand the usefulness of the chart on 
coefficients of absorption of tissues; Transferring C.T. Find- 
ings to the Patient's Lateral Skull Film presents a simple 
mathematical method of data conversion; and A Method of 
Clinicopathological Correlations describes the authors’ meth- 
od of brain cutting. A section on skull anatomy using the 
EMItronic Model 5000 Scanner is also presented for the first 
time. 


No one involved in neurology or radiology will want to over- 
look this most useful volume. The field has grown tremen- 
dously in a very short time, and this Second Edition 
encompasses the advances that have been made thus far and 
again offers the interested professional a peerless review of the 
state of the art. ’77, 60 pp. (8 1/2 x 11), 82 il., $16.75, spiral 
(paper) 
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. Liquid 
Polibar wi: 
Super X 


" A Total System 


For double - contrast WT 


Satisfactory results in the dou- u 
ble-contrast examination of the 
colon require special attention to 
two aspects of the procedure. 











First, the barium sulfate formu- 
lation. Our Liquid Polibar (56% 
w/w) is a bubble-free, non-pre- 
cipitating uniform suspension 
formulation ... with proper flow 
and coating characteristics. No 
blending required and once rou- 
tines are established, you can rely 
on its consistency. 


One pedunculated and one smaller sessile polyp at the 
The second concern is with the apex of the sigmond loop. 


proper apparatus. The E-Z-EM Film Courtesy of Richard Palmer Gold M.D. Columbia Presb. Medical ( enter N.Y 
system is unique in that 1/2" lumen 
tubing attached to the enema bag is 
utilized — for freer, more uniform flow. 
Miller Air Retention Tip, with or without 
\ optional cuff completes the system. 


A total system for ease of administration E-Z-EM 7 Portland Ave. 


and consistently reliable radiological results. Westbury, New York 11590 
For additional literature, write: | | (51 6j 333-8230 


International Affiliates: E-Z-EM Rooster B. V., Infirmeriestraat 6-8. Rotterdam 16, Netherlands 
E-Z-EM De Mexico. S A de C V. Calz Azcapotzalco La Villa No 882. Zona Industrial Vallejo. Mexico 16 D f 





play the numbers game. 
With ethol 90, you always win. 





Ethol 90 is not just another 
film developer .. . it's the first 
and original 90-second devel- 
oper used by leading hospitals 
the world over and recom- 
mended by foremost manufac- 
turers of automatic processors. 
It is used in an extremely broad 
range of applications includ- 
ing X-Ray, cineflure, electron 
microscopy, holography, cardi- 
ology and macrophotography. 


Available both powder or liquid form. Replenishers available. 
See your X-Ray Supply House or write directly to: 


ETHOL CHEMICALS, INC./1808 N. Damen/Chicago, III. 60647/(312) 278-1586 





d ev - e 


Do you want to work at 70°, 
80°, 90°? Do you want to pro- 
cess for 90, 120 or 180 sec- 
onds? Ethol 90 will provide 
optimum results under all con- 
ditions. It is a fine grain, normal 
contrast, long scale, very rapid 
working developer. The com- 
pensating action in push proc- 
essing gives a minimum in- 
crease in grain, will not block 
highlights or diminish shadows. 











In cineflure film processing ra- 
diation factors may be reduced 
by 50% or more with Ethol 90 
and still provide much im- 
proved contrast and clearer 
film base than other develop- 
ers. Ethol 90 gives a lower tube 
load, therefore longer life. It 
works in low gain, borderline 
image tubes. There is less radi- 
ation to doctor and patient and 
fewer repeat examinations. 
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You have a non-stop winning combina- 
tion when you use these top products 
for your medical x-ray needs: 


Fuji Film—Your Number 1 film value for 
its exceptional contrast, latitude, reso- 
lution with low fog level, and high diag- 
nostic quality—all at lower cost! 








X-RAY 


KYOKKo 


Distributed throughout the U.S. by: 





-RAY CORPORATION 


NEW YORK 
20 North Avenue 


(914) 834-4567 


Larchmont, New York 10538 
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Kyokko Screens—Kyokko intensifying 
Screens provide higher speed without 
compromise to superior resolution. 


Made by world leader Dai Nippon 
Toryo Co. 


Pyne X-Ray—With an established repu- 
tation for excellent technical assistance 
and prompt deliveries, Pyne X-Ray 
Corporation stands for service as you 
want it. 


CHICAGO LOS ANGELES 
1211 West Norwood Avenue 3637 San Fernando Road 
Itasca, Illinois 60143 Glendale, California 91 


(312) 773-3360 213) 240-0280 
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proven diagnostic excellence and rapid visualization 


e Rapid concentration of relatively large quantity of medium 
permits thorough evaluation of urinary tract anatomy. 
e Visualization of renal passages may begin as early as 5 minutes after injection. 
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drip infusion pyelography operative, T-tube, and 

excretion urography (direct I.V.) percutaneous transhepatic 
. peripheral arteriography cholangiography 
« A cerebral angiography arthrography 

venography discography 

splenoportography computed tomography (CT) of the brain 
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Ed 
Diatrizoate Meglumine and 2 
Diatrizoate Sodium Injection U.S.P — £55... 





RENOGRAFIN*-60 
Diatrizoate Meglumine and Diatrizoate Sodium Injection USP 


Renografin-60 (Diatrizoate Meglumine and Diatrizoate Sodium Injection USP) is 
supplied as a sterile, aqueous solution providing 5296 diatrizoate meglumine and 
8% diatrizoate sodium with 0.32% sodium citrate as a buffer and 0.0496 edetate 
disodium as a sequestering agent. The solution contains approximately 2996 (288 
mg/ml) bound iodine and approximately 3. 76 mg (0.16 mEq) sodium per ml. 


ONTRAINDICATIONS: Contraindicated in persons hypersensitive to salts of 
diatrizoic acid. Urography is contraindicated in patients with anuria. A prothrom- 
bin time below 5096 and evidence of coagulation defects are contraindications to 
percutaneous transhepatic cholangiography and splenoportography. When 
splenectomy is contraindicated, splenoportography should not be performed 
since complications of the procedure make splenectomy necessary at times. Sig- 

ificant thrombocytopenia and any condition which may increase the possibility 
of splenic rupture are other contraindications to splenoportography. Arthrogra- 
phy is contraindicated if infection is present in or near the joint. Discography is 
;ontraindicated if there is infection or open injury near the region to be examined. 


ARNINGS: A definite risk exists in the use of intravascular contrast agents 
n patients with multiple myeloma. There has been anuria with progressive 
remia, renal failure and death. This risk of the procedure in these patients 
s not a contraindication; however, partial dehydration in preparation for 
study is not recommended since it may predispose to precipitation of mye- 
oma protein in renal tubules. No therapy, including dialysis, has been suc- 
essful in reversing this effect. Myeloma should be considered in persons 
over 40 before intravascular administration of a contrast agent. 


In cases of known or suspected pheochromocytoma, if the physician feels that 
he possible benefits outweigh the considered risks, radiopaque materials should 
be administered with extreme caution; however, an absolute minimum of material 
should be injected, the blood pressure should be assessed throughout the proce- 
dure, and measures for treating a hypertensive crisis should be available. 

Contrast media may promote sickling in homozygous individuals when injected 

.V. or intra-arterially. Although a history of sensitivity to iodine per se or to other 
ontrast media is not an absolute contraindication, administration of diatrizoate 
equires extreme caution in such cases. Perform thyroid function tests prior to 
administration of this preparation since iodine-containing contrast agents may 
alter the test results. Avoid accidental introduction of this preparation into the 
subarachnoid space since even small amounts may produce convulsions and 
possible fatal reactions. 

Perform cerebral angiography with special caution in extreme age, poor clini- 
al condition, advanced arteriosclerosis, severe arterial hypertension, cardiac de- 
ompensation, recent cerebral embolism, or thrombosis. Perform urography with 
xtreme caution in persons with severe concomitant hepatic and renal disease. 


RECAUTIONS: Diagnostic procedures involving use of contrast agents should 
e performed under the direction of personnel with prerequisite training and a 
orough knowledge of the particular procedure (see ADVERSE REACTIONS). 
evere life-threatening reactions suggest hypersensitivity to the contrast agent. A 
ersonal or family history of asthma or allergy or a history of a previous reaction to 
contrast agent warrants special attention and may predict more accurately than 
retesting the likelihood of a reaction although not the type nor severity of the 
eaction in the individual. The value of any pretest is questionable. The pretest 
ost performed is the slow I.V. injection of 0.5 to 1.0 ml of the preparation prior to 
jection of the full dose; however, the absence of a reaction to the test dose does 
ot preclude the possibility of reaction to the full diagnostic dose. Should the test 
ose produce an untoward response, the necessity for continuing the exam- 
ation should be carefully re-evaluated; if deemed essential, examination should 
roceed with all possible caution. In rare instances, reaction to the test dose may 
e extremely severe; therefore, close observation and facilities for emergency 
eatment appear indicated. 

Renal toxicity has been reported in a few patients with liver dysfunction who 
ere given oral cholecystographic agents followed by urographic agents; there- 
Dre, if known or suspected hepatic or biliary disorder exists, administration of 
enografin-60 (Diatrizoate Meglumine and Diatrizoate Sodium Injection USP) 

ould be postponed following the ingestion of cholecystographic agents. Use 
autiously in severely debilitated patients and in those with marked hypertension. 
hen percutaneous techniques are used, bear in mind the possibility of throm- 
osis. Consider the functional ability of the kidneys before injecting the contrast 
gent. Since contrast agents may interfere with some chemical determinations 
ade on urine specimens, collect urine before or two or more days after adminis- 
ation of the contrast agent. 

In peripheral arteriography, hypotension or moderate decreases in blood 
essure seem to occur frequently with intra-arterial (brachial) injections; this is 
ansient and usually requires no treatment; monitor blood pressure during the 

mediate 10 minutes after injection. In excretion urography, adequate vis- 
alization may be difficult or impossible in uremic patients or others with severely 

paired renal function (see CONTRAINDICATIONS). Consider the increased os- 
otic load associated with drip infusion pyelography in presence of congestive 
part failure. The diuretic effect of drip infusion pyelography may hinder assess- 

ent of residual urine in the bladder. Do not exceed recommended rate (40 ml/ 
in) of infusion. In operative and T-tube cholangiography, inject the contrast 
Jent slowly to prevent extravasation into peritoneal cavity and to minimize reflux 
bw into pancreatic duct which may result in pancreatic irritation. In percu- 
neous transhepatic cholangiography, aspirate as much of the contrast agent 
» possible on completion of successful films to reduce possibility of bile leakage 

d consequent peritonitis; for 24 hours after the procedure carefully and con- 
antly monitor all patients for signs of internal hemorrhage or bile leakage; if these 
bmplications are recognized immediately, remedial measures can be instituted 
omptly with minimal increase in morbidity. Percutaneous transhepatic cholan- 
ography should be reserved for jaundiced patients who are not good can- 
dates for surgery when requisite information has not been obtained with 


ordinary studies since the procedure is not without risks; attempt the procedure 
only when competent surgical intervention can be obtained promptly if needed. In 
splenoportography, manipulations which will prolong the time the needle is in 
the spleen should be avoided since this may contribute to postpuncture bleeding 
and subcapsular extravasation of the contrast agent. Following splenoportogra- 
phy, closely observe the patient for 24 hours for signs of internal bleeding; patient 
should lie on his left side for several hours. Leakage of up to 300 ml of blood from 
the spleen is apparently not uncommon; fatal hemorrhage has occurred rarely. 


Blood transfusions and, rarely, splenectomy may be required. In discography | 


postpone the procedure if an infection (including U.R.I. in cervical discography) 
or open injury is present near the region to be examined to minimize possible 
introduction of infection. Disk infection has occurred after discography; therefore, 
care should be taken to preclude contamination and resultant disk infection. Con- 
tamination may be introduced into the disk if care is not taken to avoid punctu ring 
the esophagus during cervical discography. If the needle becomes barbed by 
contact with bone (the two-needle technique helps reduce this hazard), rupture of 
the disk may occur; this is highly unlikely if the procedure is performed carefully. 


Usage in Pregnancy: This preparation should be used in pregnant patients only 
when the physician deems its use essential to the welfare of the patient since safe 
use during pregnancy has not been established. 


ADVERSE REACTIONS: Adverse reactions accompanying intravascular use of 
iodine-containing contrast agents are usually mild and transient although severe 
and life-threatening reactions (including fatalities) have occurred. Because severe 
reactions to the procedure and/or to the contrast agent are possible, appropriate 
emergency facilities and well-trained personnel should be available and should 
remain available for 30 to 60 minutes following the procedure to treat the reaction 
since severe delayed reactions have been known to occur. 

Nausea, vomiting, flushing, or a generalized feeling of warmth are the reactions 
seen most frequently with intravascular injection. Symptoms which may occur are 
chills, fever, sweating, headache, dizziness, pallor, weakness, severe retching 
and choking, wheezing, a rise or fall in blood pressure, facial or conjunctival 


petechiae, urticaria, pruritus, rash and other eruptions, edema, cramps, tremors, œ 


itching, sneezing, lacrimation, etc. Antihistaminic agents may be of benefit: rarely, 
such reactions may be severe enough to require discontinuation of dosage. Se- 
vere reactions which may require emergency measures are a possibility and in- 
clude cardiovascular reaction characterized by peripheral vasodilatation with 
hypotension and reflex tachycardia, dyspnea, agitation, confusion, and cyanosis 
progressing to unconsciousness. An allergic-like reaction ranging from rhinitis or 
angioneurotic edema to laryngeal or bronchial spasm or anaphylactoid shock 
may occur. Temporary renal shutdown or other nephropathy may occur. Tempo- 
rary neurologic effects of varying severity have occurred in a few instances partic- 
ularly in cerebral angiography. There have been a few reports of a burning or 
stinging sensation or numbness, of venospasm or venous pain, and of partial 
collapse of the injected vein. Neutropenia or thrombophlebitis may occur. 

Adverse reactions as a consequence of excretion urography have included 
cardiac arrest, ventricular fibrillation, anaphylaxis with severe asthmatic reaction, 
and flushing due to generalized vasodilation. Cerebral angiography has caused 
temporary neurologic complications such as induction of seizures (particularly in 
patients with convulsive disorders), confusional states or drowsiness, transient 
paresis, coma, temporary disturbances in vision, or seventh nerve weakness. 
During peripheral arteriography, hemorrhage from puncture site, thrombosis of 
the vessel, and brachial plexus palsy (following axillary artery injection) have 
occurred. Complications (in an estimated 4 to 6% of cases) of percutaneous 
transhepatic cholangiography include bile leakage (more likely in presence of 
complete obstruction due to carcinoma) and biliary peritonitis, gallbladder perfo- 
ration, internal bleeding, septicemia due to gram-negative organisms, and tension 
pneumothorax from inadvertent puncture of diaphragm and lung. During spleno- 
portography, intraperitoneal extravasation of the medium may cause transient 
diaphragmatic irritation or mild to moderate transient pain which may sometimes 
be referred to the shoulder, periumbilical region, or other areas; accidental pneu- 
mothorax (because of proximity of pleural cavity) may occur. Arthrography may 
induce joint pain or increase existing pain (usually immediate and transient but 
may be delayed or prolonged up to 24 hours) particularly with large doses and 
extravasation of medium into soft tissue surrounding the joint. Lipid-like histio- 
cytes have been found in tissue removed following arthrography. The technique 
of discography may be painful particularly when disk pathology exists; pain on 
injection may also be related to volume of the dose; the nature of the disk pathol- 
ogy or extravasation of the medium may cause referred pain. 

Bear in mind the possibility of thrombosis or of other complications due to 
mechanical trauma when any percutaneous technique is used. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: Available in 10, 30, and 50 ml single-dose vials and in 100 ml 
single-dose bottles. 


*1977 E. R. Squibb & Sons, Inc. H657-506 
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THE PHYSICS OF RADIOLOGY (3rd Ed., 4th Ptg.) by 
Harold Elford Johns and John Robert Cunningham, both of 
he Univ. of Toronto, Toronto, Ontario, Canada. In the Third 
dition of this text, the emphasis shifts from 200 kv and 
aesium 137 radiation toward higher energy radiations. Nu- 
merous sections devoted to computer techniques and informa- 
tion dealing with the solid state dosimeter lithium fluoride are 
included. Other topics include the concepts of kerma, particle 
fluence and energy fluence. Radiology called this book "a 
valuable addition to the radiological physics liter- 
ature,” and said that “no radiology resident, practicing radiol- 
ogist, or radiological physicist should be without a 
copy of this book at hand. It is one of the best texts on the 
subject available." '77, 812 pp. (6 1/8 x 9 1/4), 398 ilo 92 
tables, $25.75 


PRINCIPLES OF RADIOGRAPHIC EXPOSURE AND 
PROCESSING (2nd Ed., 13th Ptg. by Arthur W. Fuchs, 
Rochester, New York. This generously illustrated guide details 
for the x-ray technician and radiologist the procedures for pro- 
ducing good quality radiographs from properly exposed x-ray 
film. The text describes a simple though exact exposure sys- 
tem which is based upon proven fundamental theories and 
practices. Whenever possible, the exposure factors have been 
reduced to constants, thereby eliminating many potential 
sources of error. Chapters cover silver image formation, image 
characteristics, and exposure tables. The book also discusses 
the operations necessary for correct. handling and chemical 
treatment of exposed x-ray film for conversion to a radio- 
graph. A fourteen-page glossary of terms and techniques com- 
pletes this comprehensive work. 77, 302 pp. (7 x 10), 600 il., 25 
tables, $18.50 


THE BASIC PHYSICS OF RADIATION THERAPY (2nd 
Ed.) by Joseph Selman, Tyler Junior College, Tyler, Texas. 
This new Second Edition has been completely updated. All 
obsolete material has been eliminated and several chapters 
have been rearranged. The general format, however, remains 
essentially unchanged. A separate section has been added to 
cover electron beam therapy and a new chapter has been intro- 
duced to deal with the growing interest in radiotherapy with 
heavy particles. Chapters covering radionuclides have been 
reworked and made more comprehensive, as has the section on 
radiation protection. Major emphases remain in such areas as 
simple mathematics; basic physical concepts; radiation 
quality, exposure and dosage; therapy planning; new modali- 
ties: and radium and radionuclide therapy. 76, 768 pp., 356 il., 
66 tables, $25.75 


ADMINISTRATION OF A RADIOLOGY DEPARTMENT: 
Hints for Day-to-Day Operation by Murray L. Janower, The 
St. Vincent Hospital, Worcester, Massachusetts. This volume 
demonstrates that the application of common sense and sound 
business management principles to a radiology department 
will produce a marked improvement in its day-to-day opera- 
tion. In addition to a general overview, various units of the 
department are dissected and discussed. Specific attention has 
been given to methods used in handling patients, functions of 
the technologist, establishment of a quality control program, 
the radiological examination, messengers, efficient production 
of radiological reports, methods of film interpretation, dark- 
room operations, and functions of a file room. All discussions 
are supported by statistical data. '76, 72 pp., 8 il., 7 tables, 
$7.50 


XERORADIOGRAPHY: Breast Calcifications by John N. 
Wolfe, Hutzel Hospital, Detroit, Michigan. The necessary 
criteria for diagnosing the cause of breast calcification are 
provided in this amply illustrated text. Each illustration 1s 
accompanied by a text which includes history, radiographic 
observations and, following presentation of the diagnosis, a 
discussion of the case. The text encompasses discussions of 
calcifications associated with malignancies, including loca- 
tion, distribution, contour, size and number; characteristic 
tumor calcifications of specific forms of malignancies in- 
cluding comedocarcinoma; calcifications associated with be- 
nign conditions; calcifications within lymph nodes; 
calcifications of the skin and areola; arterial calcifications; 
pseudocalcifications; and specimen radiography. Photographic 
enlargements are amply provided. 77, 184 pp. (8 1/2 x 11), 284 
il., 3 tables, $22.50 


XERORADIOGRAPHY: Uncalcified Breast Masses by John 
N. Wolfe, Hutzel Hospital, Detroit, Michigan. Information 
and graphic material are presented which will assist the radiol- 
ogist in arriving at a reasonable differential diagnosis when 
confronted with uncalcified breast masses. Presentation pro- 
ceeds from the obvious malignancies characterized by a mass 
with a well-developed spiculated margin, through the subtler 
circumscribed carcinomas such as the medullary or colloid 
variety, to those most difficult ones which do not present a 
well-defined mass but merely an area of increased density. 
Benign tumors are also considered in detail. This section illus- 
trates the classic types of pathology followed by examples of 
variations. This volume is an invaluable supplement to 
standard mammography texts. 77, 208 pp. (8 1/2 x 11), 307 il., 
$28.00 


PANORAMIC DENTAL RADIOGRAPHY by Lincoln R. 
Manson-Hing, Univ. of Alabama School of Dentistry, Bir- 
mingham. This comprehensive publication will be of interest 
to both clinicians and students of dentistry and radiology. The 
basic technical systems underlying the operation of the various 
machines are presented in a manner whereby diagnostically 
significant variations between radiographs made by different 
machines can be easily understood. The history of panto- 
mography, the basic radiographic systems used, the variety of 
machines available, radiographic anatomy and artifacts, case 
presentations and film processing and viewing are among the 
topics discussed. The material is presented with a great 
number of high quality radiographic illustrations and a 
minimum of text. ’76, 196 pp. (8 1/2 x 11), 296 il., 6 tables, 
$32.50 


ELEMENTS OF RADIATION PROTECTION by Ronald V. 
Scheele and Jack Wakley, both of the Univ. of Virginia Schoo 
of Medicine, Charlottesville. The basic ideas and practical as 
pects of radiation protection are developed by coordinating 
material from several disciplines. Preliminary chapters dea! 
with atomic structure, ionizing radiations, radioactivity, X-ray: 
and the interaction of radiation with matter. The mechanism: 
of biological damage and the factors of radiation damage ar 
outlined, as are the acute and long-term biological manifesta 
tions of radiation exposure. The theory of gas-filled detectors 
the "cutie pie" and Gieger Muller survey instruments are ex 
amined. Technological developments and practical sugges 
tions are presented for reducing the exposure of patients 
physicians and technologists in diagnostic radiology, nuclea: 
medicine and radiation therapy. '75, 112 pp., 15 il., 10 tables 


$7.95, paper 
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Now you can eliminate costly film and chemistry waste, eliminate costly processor down-time, simply 
by taking the human factor out of processor control. 

That function is handled by CHEMALERT, an innovative system that was designed to monitor pH of 
fixer, pH of developer, and temperature of developer, fixer and dryer. 

Once the high and lów limits for each measurement are set, CHEMALERT does the rest, sounding an 


audible alarm when there's the slightest deviation from the high/low limit ranges. Individual indicator 
lights provide immediate visual identification of the measurement affected, and whether it's high or low. 


Individual measurement channels assure fail-safe operation. A built-in Panel Meter and convenient 
Selector Switch allow read-out of any measurement at any time. Other unique features include: solid- 
state, plug-in electronics; alarm volume control; and built-in lamp test circuitry for all indicator lights. 


CHEMALERT is but one of the elements in our overall Program for Departmental Quality... PDQ for 
short...a program designed to increase departmental efficiency, control costs, and provide better pa- 
tient care. 

You can get started with CHEMALERT, or PDQ, simply by contacting us at the address below. We || see 
that your request is handled promptly. 


AGFA-GEVAERT 


-—————tn———— Ó————o—————ÁÓáÓ À————Á—— 
DISTRIBUTED BY: IPCO HOSPITAL SUPPLY CORPORATION 
1025 WESTCHESTER AVENUE * WHITE PLAINS, N.Y. 10604 e (914) 682-4500 














—  — — —— — —  —s v — ——— O —  — — ——  v—— TR 


X You've piqued my interest! Send more information on your PDQ Program and how 
CHEMALERT will fit into my quality control system. 


Send to: Low X-Ray, Division of IPCO Hospital Supply Corp., 1025 Westchester Avenue, 
White Plains, N.Y. 10604 


Zip Code ————————————— 
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American Journal of Roentgenology 
Guidelines for Authors 


The American Journal of Roentgenology publishes original and timely contributions to the advancement of 
radiologic diagnoses and treatment. Although the content is predominantly clinical in origin, laboratory investiga- 
tions are accepted when their relevance to clinical practice is demonstrable. Material published elsewhere, in 
substance or illustration, will not be considered. Prior publication of abstracts, however, will not prejudice 
publication of the complete study. Contributions are reviewed by two outside consultants and are accepted on 
condition that they are submitted only to this Journal and that they will not be reprinted or translated without 
consent of the Editor. Statements within an article are the responsibility of the authors and not the Journal 
or its publisher. 

Address all manuscripts and correspondence to the Editor, Dr. Melvin M. Figley, 403 Pacific National Bank 
Building, 4545 15th Avenue N.E., Seattle, Washington 98105. 


Manuscript Form 


Manuscripts should be typed double-spaced throughout, including references, tables, and footnotes. Tables, 
footnotes, and figure legends should be on separate sheets, and a separate title page should be provided. In 
addition to the original typewritten copy, a duplicate copy complete with figures, tables, and references is re- 
quired. Authors' names should be on title page only and should not be on figures so that author anonymity can 
be maintained during the review process. 

Figures should be submitted as 13 X 18 cm glossy prints, untrimmed and unmounted. Each should be num- 
bered to correspond with figure legends, and the top should be indicated. Written permission is required for 
reproduction of previously published figures, and such material must be clearly noted and credited in the manu- 
script. Specific permission for publication of facial photographs of patients is required. Line illustrations and 
graphs should be drawn in black ink on white background. Labels on all figures should be of professional quality 
and sufficiently large to be easily read when reduced in size. 

References should be cited in the text by number (e.g., [3, 4]). The bibliography should be arranged in the 
numerical order that references are cited in the text and typed double-spaced throughout. Data for each refer- 
ence should be arranged according to the uniform style on bibliographic citations adopted by many biomedical 
journals. Provide all authors' names and inclusive pages. Abbreviations for titles of medical periodicals should 
conform to those published in /ndex Medicus. Examples: 


1. Miller RE, Chernish SM, Skucas J, Rosenak BD, Rodda BE: Hypotonic roentgenography with glucagon. 
Am J Roentgenol 121:264—274, 1974 

2. Boijsen E: Superior mesenteric angiography, in Angiography, edited by Abrams H, Boston, Little, Brown, 
1971, pp 1091—1119 


Organization 


Title page. Titles should be brief and specific. Include full names and addresses of all authors and acknowledg- 
ment of grant support when appropriate. 

Abstract. A description of the purpose, methods, results, and conclusions of the study is required. It should be 
informative to a reader who has not read the text of the article. 

Introduction. Clearly state the purpose of the investigation including necessary background facts. 

Materials and methods. Describe the protocol clearly so that an experienced worker can understand what 
was done. Use standard abbreviations as presented in the Council of Biology Editors Style Manual, 3d ed. Metric 
measurements should be used throughout. 

Results. Present results in logical sequence. 

Discussion. Interpret the results to lend meaning and importance to the observations. If hypotheses and 
speculation are included, they must be labeled as such. When results differ from those of previous investigators, 
an attempt should be made to explain the discrepancy. 

References. Only include those references which provide adequate background and present fairly any opposing 
evidence and concepts. Accuracy of reference data is the responsibility of the author. 

Legends. Legends should be brief but should provide sufficient description to interpret the figure. 


Special Communications 


Case Reports. Concise case reports are accepted if they present unusual experiences that are medically im- 
portant and educational. Clarity and brevity are essential. 

Technical notes. Brief descriptions of new techniques or significant modifications of older ones which are 
directly applicable to clinical practice will be accepted. 

Letters to the Editor. Letters are subject to editing and condensation. Criticism of published articles should 
be objective and constructive. Letters may also discuss matters of general interest to radiologists. 


Proofs and Reprints 


Galley proofs will be sent to authors for correction of errors and approval of illustrations. The corrected proof, 
copy-edited manuscript, and reprint order should be returned to the editorial office within 48 hr of receipt. 
Failure to adhere to this schedule may mean publication without the author's approval. 


e = 


pn————————————————— O O NN 


Isobutyl 2-Cyanoacrylate (Bucrylate) in Obliteration of Gastric Coronary 
Vein and Esophageal Varices 


ANDERS LUNDERQUIST,' BENGT BORJESSON,? TORBEN OWMAN,' AND STIG BENGMARK* 


Percutaneous transhepatic portography was performed in 
22 patients with liver cirrhosis and portal hypertension. All 
patients had bled or were bleeding from presumed esopha- 
geal varices. One or more veins feeding esophageal varices 
were occluded with bucrylate. Follow-up examination in eight 
patients 1-12 months later showed recanalization of previ- 
ously obliterated veins in six; however, these veins were 
markedly smaller than before the procedure. in patients where 
veins were still occluded, new veins had opened up and 
carried blood to the esophageal varices, which were filled to 
a lesser degree than before. In our experience, bucrylate is 
superior to Gelfoam, thrombin, and Etolein in producing ve- 
nous occlusion. 


Introduction 


The results of surgical management of bleeding esopha- 
geal varices in patients with cirrhosis and portal hyper- 
tension have been discouraging. In well controlled pro- 
spective studies, surgery does not seem to increase 
survival time significantly compared with conservative 
forms of therapy [1, 2]. This has encouraged the search 
for new methods of treatment. We recently reported our 
experience with transhepatic catheterization of the por- 
tal vein with occlusion of gastroesophageal varices using 
Gelfoam, thrombin, and Etolein [3]. With this procedure 
blood flowing through the esophageal varices could be 
obstructed to control bleeding and maintain liver perfu- 
sion. Unfortunately, follow-up examinations in these 
patients showed a high frequency of recanalization of 
previously occluded veins, indicating that the method is 
not useful as a permanent form of therapy. 

Bucrylate was first used in 1972 by Zanetti and Sher- 
man [4] as an embolization agent in the treatment of 
arteriovenous malformations, and was later tried by 
Rósch et al. [5] in animal experiments. They suggested 
that a permanent occlusion of the coronary vein could 
be produced with this agent and added tantalum powder 
to make the bucrylate radiopaque. Bucrylate has been 
reported to have a carcinogenic effect in rats, but this 
has not been proved in man [6]. This report reviews our 
clinical experience injecting this monomer into the short 
gastric and coronary veins in 22 patients with portal 
hypertension and bleeding esophageal varices. 


Materials and Methods 


Twenty-three patients with portal hypertension who presum- 
ably had bled or were bleeding from esophageal varices were 
referred to our department for transcatheter obliteration of 
gastroesophageal varices. There were 13 females 34-80 years 
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of age (mean, 61), and 10 males 32-63 years of age (mean, 54). 
In 17 patients the catheterization was performed as an elective 
and in six as an emergency procedure. The severity of liver 
disease among the 23 patients was estimated using the modified 
Childs classification [3]. Five patients were class A, nine class 
B, and nine class C (the most severe liver disease). Previous 
arteriography had shown the portal vein to be patent in all 
cases. 

Percutaneous transhepatic portography was performed using 
a technique previously described [3]. Portal vein pressures 
were recorded in each case using an open manometer. Portog- 
raphy was performed using 40 ml of 7696 contrast material 
injected at a rate of 8 ml/sec. Films were exposed at a rate of 
one film per second for 8 sec and then one film every other 
second for 16 sec. 

Collateral veins from the portal venous system into the esoph- 
ageal varices shown at portography were catheterized when 
possible and obliterated with bucrylate (Isobutyl 2-cyanoacry- 
late, Ethicon, West Germany). At first tantalum powder was 
added to the bucrylate but was later discontinued because the 
mixture became too thick. The bucrylate was injected through 
a small Teflon catheter (0.6 mm ID, 0.9 mm OD) introduced 
coaxially through the catheter used for portography (1.0 mm 
ID, 1.6 mm OD). Despite the coaxial system, the outer catheter 
was obliterated by the bucrylate in three early patients, and 
subsequent portography could not be performed. To prevent 
occlusion of the outer catheter, an injection technique was 
successfully developed using a three-way stop cock so that 
both catheters could be constantly irrigated with 5% dextrose 
in water solution. The bucrylate was injected through the 
smaller catheter while the outer catheter was continuously 
flushed. Immediately after the injection of bucrylate, the smaller 
catheter was irrigated for about 15 sec and withdrawn. In this 
way the larger catheter remained open. 

The amount of bucrylate injected depended on the size of 
the vein to be occluded. No more than 0.5 ml was injected at 
one time. Control angiography was performed after each injec- 
tion: if there was continued patency of the vein, the procedure 
was repeated until complete occlusion was produced. The 
maximum amount of bucrylate required was 2 ml to occlude a 
coronary vein 12 mm wide. In all but four patients, a small 
piece of Gelfoam was injected into the sinus tract through the 
liver parenchyma to prevent bleeding as the catheter was 
removed. 


Results 


Percutaneous transhepatic catheterization of the por- 
tal vein was possible in 22 of the 23 patients. Up to 10 
punctures were required until a portal vein branch could 
be successfully catheterized; however, the mean number 
of punctures was two. Portal vein pressures varied from 
25 to 47 cm H,O (mean, 36 cm). After the obliteration 
there was a mean rise in pressure of 3 cm H:O. 
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All patients had bled, presumably from varices, before 
the procedure. Gastroesophagoscopy performed on 21 
of the 22 patients who were successful:y catheterized 
showed esophageal and/or forniceal varices, but in no 
case was any actual bleeding seen. However, endoscopy 
was not performed in all patients during continuous 
bleeding. In one patient who bled profusely during the 
percutaneous transhepatic portography, selective injec- 
tion of contrast material into the coronary vein showed 
large varices but no extravasation. However, the bleed- 
ing stopped after obliteration of the coronary vein. 

In 21 of the 22 patients, one or more veins feeding the 
esophageal varices were obliterated with bucrylate. In 
eight patients a complete interruption of flow toward the 
esophageal varices was achieved; in 11 patients there 
was a two-thirds reduction in flow; and in one patient a 
one-third reduction. In one patient the effects of the 
obliteration could not be checked, since the catheter 
became occluded with the bucrylate (table 1). Complete 
interruption of flow toward the esophageal varices could 
not be achieved in all cases because additional collateral 
veins which could not be selectively catheterized re- 
mained unoccluded. Those veins usually originated from 
the upper portion of the spleen or from a meandering 
splenic vein. 


Five of the 21 patients rebled within 48 hr after the 
first obliterating procedure. Endoscopy showed erosive 
gastritis in two of the five. Two patients underwent 
surgery, one with portacaval and one with mesocaval 
shunt. Five other patients rebled 2 weeks to 12 months 
later. 

Follow-up examinations were performed in eight pa- 
tients 1-12 months later. Recanalization of previously 
obliterated veins was noted in six patients, but the 
caliber of those veins was markedly smaller than before 
the obliteration. In every case new veins were demon- 
strated carrying blood to the esophageal varices, but 
varices were filled to a lesser degree than at previous 
examinations (figs. 1 and 2). 

A second attempt at obliteration of varices was per- 
formed in five of the eight patients. In the other three 
patients the veins draining toward the esophagus could 
not be catheterized. After the second obliteration, con- 
trol portography in four patients showed complete ab- 
sence of flow toward the esophageal varices. In one 
patient control portography could not be performed, 
since the catheter became obliterated by the bucrylate. 

Nine patients died. Eight of them were examined only 
once (table 2); one patient was reexamined and veins 
obliterated four times. 


TABLE 1 
Results of Percutaneous Transhepatic Portography 





Encephalopathy at Portal Vein Pres- 


Degree of Flow Reduction to Varices 


Follow-up Time after Last 


Time between Obliteration Degree of Re- 





Patient tine of Portography = H 0) after Obliteration and Rebleeding E y canalization 

HN. vadeséssa Yes 33 1/1 Continued bleeding Died after 2 days 

EN. vixeeeors Yes 37 2/3 No rebleeding Died after 6 weeks 

DE. ee Yes 28 2/3 2 days Died after 6 weeks 

E.N. E EE Yes 30 2/3 No rebleeding 5 

(co | See No 30 2/3 No rebleeding 3.5 

NAME Niedwened No 29 1/1 4 months; bleeding 4 

from peptic ulcer 
EK ere Yes 37 Obliteration could not be ies 3 
performed 

MBs. Saiaserss Yes 37 2/3 2 weeks Died after 3 weeks 

if. ae ee No 47 Could not be checked Continued bleeding Died after 9 days s ibn 

' ere ere Yes 47 1/3 4 weeks 2 1/2 
Yes 38 Obliteration could not be m 1 TO 

performed 

B.E. qestceehis Yes 25 2/3 2 days 3 

D aibesqups Yes 40 2/3 No rebleeding Died after 17 days ded 

PON. uero td No 35 1/1 No rebleeding 4 1/2 
No 34 Could not be checked No rebleeding 4 1/2 
Yes 31 No obliteration performed No rebleeding 2 1/2 
Yes 32 1/1 2 months 4.5 None 
Yes 29 No obliteration performed 5.5 months Died after 4 days — 

H.E. the ous No 46 1/1 No rebleeding Died after 1 week 

PES 2neksxua Yes 45 1/1 No rebleeding 3/4 -—À 

BN. Ilse No 39 2/3 1 year 12 3/4 
No 41 1/1 1.5 months 1.5 be 

Se ee Yes 36 2/3 No rebleeding 3 None 
No 29 No obliteration performed No rebleeding 7 va 

Bb aséssakesi No 31 2/3 Continued bleeding Died after 3 days TT 

V EPUM No 40 2/3 3 weeks 1"/4 1/4 
No 47 Ww 1 day 1 

BM. Suckaeeas Yes 33 1/1 No rebleeding 5 None 
No icis No obliteration performed No rebleeding 2 

X PEAT Yes 41 1/1 No rebleeding 3 1/2 
No 31 1/1 No rebleeding 9 ida 

(B eure Yes 26 1/1 No rebleeding 4 1/2 
Yes 32 1/1 No rebleeding 7 





ah 





BUCRYLATE IN VARICEAL OBLITERATION 3 





Complications 


Intraabdominal bleeding after the procedure occurred 
in one patient with severe coagulopathy. In this patient 
Gelfoam was not injected into the sinus tract when the 
portography catheter was removed from the liver. The 
patient underwent surgery to stop the bleeding and died 
2 days later with profuse hemorrhagic gastritis. Small 
embolizations of bucrylate in right intrahepatic portal 
vein branches occurred in two cases, but no untoward 
side effects were recorded. In three patients the portog- 
raphy catheter became obliterated by the bucrylate when 
the coaxial catheter was withdrawn. In one of those 
patients a new puncture of the portal vein was performed 
to check the result of the obliteration. However, in our 
experience the catheter never adhered to the wall of the 
vein. 

A subcapsular hematoma was produced in one patient, 
and in two patients a small extravasation of contrast 
material occurred while catheterization of a short gastric 
vein was attempted. Chest films after the procedures 
showed no signs of pulmonary embolization. Lung scans 
were not performed. 

Splenic or portal vein thrombosis was found at autopsy 
in five patients. We believe that this was unrelated to the 
procedure; in one of the five patients, partial occlusion 
of the portal vein had been seen at arterial portography 
before the procedure was performed. Among 95 proce- 
dures performed in patients without portal hypertension, 
portal vein thrombosis was never a complication [7]. 
Portal vein thrombosis is a common finding in patients 
with liver cirrhosis and portal hypertension [8, 9], and 
may develop when the blood flow becomes stagnant in 
the portal vein before becoming hepatofugal. 
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Fig. 1.—Patient |. K. A, Percutaneous transhepatic portography show- 
ing short gastric veins feeding esophageal varices; retrograde flow in 
wide inferior mesenteric vein. Portal vein pressure 26 cm H20. B, 
Portography after bucrylate obliteration of widest short gastric vein. No 
esophageal varices are filled with contrast medium. Portal vein pressure 
31 cm H20. 


Discussion 


Endoscopy in patients with portal hypertension has 
shown that rupture of esophageal varices accounts for 
only about 5096 of bleeding episodes from the upper 
gastrointestinal tract [10, 11]. Erosive gastritis is a com- 
mon source of bleeding in patients with portal hyperten- 
sion [12]. Theoretically vein occlusion could increase 
instead of stop this bleeding. Because of this possibility, 
we are working on a method to differentiate arterial and 
venous bleeding. So far, however, our experience has 
not shown increased bleeding after obliteration of veins. 

In the present series all patients were shown to have 
esophageal varices, but in no case could endoscopy 
precisely localize the source of bleeding before transhe- 
patic portography was performed. Despite the fact that 
many patients were acutely bleeding during the portog- 
raphy, extravasation was never demonstrated by selec- 
tive injections of contrast material into the coronary vein. 

In our earlier report on use of thrombin, Gelfoam, and 
Etolein to transhepatically obliterate varices, follow-up 
examinations showed a high frequency of recanalization 
of obliterated veins [3]. The transhepatic and transjugu- 
lar approaches have been used effectively by others to 
catheterize the coronary and short gastric veins and to 
occlude actively bleeding varices [13-16]. In the largest 
series of variceal obliteration published to date, Via- 
monte et al. [16] did not find the same high frequency of 
recanalization with the use of Gelfoam as occurred in 
our patients. Goldman et al. [17] successfully used bu- 
crylate to occlude varices in one patient. 

The fact that isobutyl 2-cyanoacrylate did not perma- 
nently occlude the veins was unexpected. In six of eight 
patients, follow-up examination showed that previously 
obliterated veins had opened up but were markedly 
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Fig. 2.—A-C, Portography 4 months later. A, Short gastric vein 
previously not obliterated has widened (arrow) and still feeds esophageal 
varices (see C). Portal vein pressure 32 cm H20. B and C, Large collateral 
has formed from hilum of spleen to left renal vein. D and E, Portography 
after bucrylate occlusion of short gastric vein seen in A. D, No varices 
filled with contrast material; retrograde flow in inferior mesenteric vein. 
E, Large collateral to left renal vein again seen. Portal vein pressure 35 
cm H20. 
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TABLE 2 
Findings in Patients Who Died after Obliteration Procedure 


OO 


Time between 
Last Portogra- 


Patient phy and Death Course 
(days) 

NOM omi 2 Continued bleeding; por- 
tacaval shunt opera- 
tion; no improvement 

KL. 2e 3 Coagulopathy; continued 
gastrointestinal and in- 
traabdominal bleeding 

A.K. 4 Coagulopathy; continued 
gastrointestinal bleeding 

R. B. K. 7 Increasing coma 

R. S. 9 Started rebleeding; meso- 
caval shunt operation 

R.R. 21 Sepsis and endocarditis 

S.S. 17 Increasing coma 

E.S: 42 Increasing coma 

DE 42 Anuria; circulatory insuffi- 


ciency 


Autopsy Findings 


Erosive gastritis; bucrylate-occluded coro- 
nary and short gastric varices; esophageal 
varices not occluded 

Erosive gastritis; esophageal and fundal var- 
ices obliterated with bucrylate 


Bleeding from all mucous membranes; 
splenic infarction from splenic artery em- 
bolization 8 months earlier in treatment 
for hypersplenism; thrombus in splenic 
vein 

No autopsy 

Portal vein thrombosis; mucosal tears in 
lower part of esophagus; fundal varices 
obliterated with bucrylate 

Partial portal vein thrombosis (seen 1 year 
earlier at angiography); lower esophageal 
varices and coronary vein obliterated with 
bucrylate 

Fresh portal vein thrombosis; erosive gastri- 
tis; mucosal tears in lower part of esopha- 
gus; bucrylate-obliterated varices in cardia 

No autopsy 

Erosive gastritis; portal vein thrombosis; 
bucrylate-obliterated esophageal varices 
and coronary vein 





smaller. Nevertheless bucrylate is superior to Gelfoam, 
thrombin, and Etolein in producing venous occlusion. 
Obliteration is accomplished more easily, and in a few 
cases where autopsy has been performed, the veins in 
the lower part of the esophagus were shown to be 
occluded. 

Wexler and MacLean [18] performed umbilical vein 
portography in six patients with massive spontaneous 
portal-systemic shunts through the umbilical and left 
renal veins. It is of interest that no esophageal varices 
were demonstrated in those patients. The working hy- 
pothesis in our study was that if the collateral blood 
flow over the dangerous esophageal varices could be 
stopped, blood that could not pass through the paren- 
chyma of the liver would escape through other portal- 
systemic pathways. These new collaterals, because of 
their more protected locations, would be less likely to 
cause life-threatening hemorrhage. In addition, the por- 
tal vein pressure would remain high enough for adequate 
perfusion of the liver. 

The reason for preferential portal flow toward the 
esophagus is unclear. A high pressure gradient between 
systemic veins above and below the diaphragm in pa- 
tients with liver disease is a possible explanation. Per- 
haps it would be wise to measure the pressure gradient 
between the right atrium and inferior vena cava below 
the liver. When caval vein pressure is high, it is unlikely 
that collaterals would form to systemic veins below the 
diaphragm; the esophageal varices would remain the 
best pathway for decompression in the portal system 
(19, 20]. Reopening of the occluded coronary and short 
gastric veins would then be more likely to occur. 
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Prostaglandin E: (PGE:) in Angiography of Tumors of the Extremities 


KJELL JONSSON," 2 LUIS ALONSO DE SANTOS, SIDNEY WALLACE, AND JAMES H. ANDERSON 


Prostaglandin E: (PGE:) is a potent vasodilator. The value 
of this agent as an adjuvant in angiography of tumors of the 
extremities was evaluated in 10 patients. Except in one case 
involving a hemangioma, the diagnostic information concern- 
ing tumor vascularity and delineation of the extent of disease 
decreased after the use of PGE:. The visualization of small 
normal muscular arteries was improved. Therefore, the effect 
of PGE: may be to preferentially increase the blood flow in 
normal tissues relative to the tumor. PGE: seems to be of 
little value in enhancing the angiographic demonstration of 
neoplasms of the extremity. 


Different vasoactive drugs have been used in angiogra- 
phy of lesions of the extremity in order to increase the 
diagnostic information [1-6]. Prostaglandin E: (PGE:) is 
a vasodilator that has been used experimentally and 
clinically to enhance the angiographic visualization of 
the splanchnic circulation [7, 8]. It has also been proven 
effective in reversing induced nonocclusive mesenteric 
ischemia in the experimental animal [9]. Therapeutically, 
it has been used intraarterially in patients with ischemic 
disease of the legs [10, 11]. This report evaluates the 
use of PGE: as an adjuvant in angiography of tumors of 
the extremities. 


Materials and Methods 


At M. D. Anderson Hospital and Tumor Institute the radiologic 
workup of patients with tumors in the extremities includes 
radiographic examination of the tumor area in multiple views, 
tomography, xeroradiography, and angiography in selected 
cases. In an attempt to enhance the angiographic demonstra- 
tion of tumor vascularity, PGE: was used in 10 patients. The 
patients, three females and seven males, ranging in age from 9 
to 53 years, were examined for the following tumors: giant cell 
tumor (five patients), aneurysmal bone cyst (one), osteoid os- 
teoma (one), intramuscular hemangioma (one), recurrent cav- 
ernous hemangioma of the hand (one) and undifferentiated 
sarcoma of the femur (one). 

The femoral artery was punctured using the Seldinger tech- 
nique. A no. 6.5 French polyethylene catheter with or without 
side holes was used. In tumors of the lower extremity (seven 
patients), the contralateral femoral artery was punctured and 
the catheter was directed over the aortic bifurcation and ad- 
vanced through the iliac and femoral artery on the side of the 
tumor. In tumors of the upper extremity, the catheter was 
directed from the femoral artery through the ipsilateral subcla- 
vian and axillary artery to the brachial artery. The contrast 
medium (6096 meglumine diatrizoate) was injected proximal to 
the neoplasm, theoretically to maximize visualization by includ- 
ing all vessels supplying the tumor. 
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Each patient underwent angiographic studies both with and 
without PGE:. In control studies without PGE:, the injection 
rate of contrast medium was 5-8 ml/sec for a total of 12-20 ml. 
PGE: was administered intraarterially at a concentration of 1 
ug/ml as a 5 ml bolus injected 30 sec prior to the contrast 
material. The injection rate of contrast medium was increased 
by 50% after PGE:, but the total amount administered was 
maintained as for control studies. 

For the control studies without the use of PGE:, the filming 
rate was usually one film per second for 12 sec. After PGE:, the 
filming rate was two films per second for 3 sec and then one 
film per second for 6 sec. The study with PGE: was made 
approximately 10 min after obtaining control angiographic stud- 
ies using anteroposterior and lateral projections. This delay 
was employed to avoid the vasodilatory effect of the contrast 
medium itself. Heart rate was recorded by a peripheral pulse 
photoelectric transducer. 


Results 


In all cases the use of PGE: appeared to increase 
blood flow, since no backflow or delayed emptying of 
the injected vessel was noted despite a 50% increase in 
the injection rate. Small normal muscular vessels, not 
seen on the control examination, were visualized. The 
angiographic appearance of the venous phase from the 
normal structures was also improved following injection 
of PGE:. In all cases but one, the use of PGE: decreased 
visualization of the tumor vessels. This reduction in the 
opacification of the tumor vasculature decreased the 
diagnostic information (figs. 1 and 2). The enhanced 
venous return from normal structures resulted in obscu- 
ration of the arteriovenous shunting within the tumor in 
the five cases where it was demonstrated under control 
conditions. 

No further information was obtained after the use of 
PGE: in hypo- or avascular lesions. The only instance 
where the diagnostic value of the angiogram improved 
after PGE: injection was in one patient with recurrent 
cavernous hemangioma of the hand (fig. 3). Venous 
structures in the hemangioma that were not seen at the 
control study were visualized after PGE:. 

No adverse side effects of the PGE: were noted. Pain 
from the injection of contrast medium was about the 
same with or without PGE:. Monitoring of the pulse did 
not show tachycardia after the use of PGE:. 


Discussion 


Ekelund et al. [1] reported that angiotensin (a vasocon- 
strictor) was superior to tolazoline (a vasodilator) in 


'All authors: Department of Diagnostic Radiology, University of Texas System Cancer Center, M. D. Anderson Hospital and Tumor Institute, 


Houston, Texas 77030. Address reprint requests to S. Wallace. 


?Present address: Department of Diagnostic Radiology, General Hospital, 214 01 Malmó, Sweden. 


Am J Roentgenol 130:7-11, January 1978 
€ 1978 American Roentgen Ray Society 


0361-803X/78/0100-0007 $02.00 


JONSSON ET AL. 





Fig. 1.—Intramuscular hemangioma of forearm. Tumor is better visualized in control run than with PGE:. 
A, Control run, arterial phase. B, Control run, late arterial phase. C, After PGE:, arterial phase. D, After 


PGE), late arterial phase. 


enhancing diagnostic angiographic information in tu- 
mors of the extremities. However, Rockoff et al. [6] 
reported one case with fibrosarcoma of the thigh where 
the use of epinephrine before angiography decreased 
the diagnostic information by decreasing tumor staining. 


In the latter case, 70 ug of epinephrine was infused for 6 
min prior to contrast medium injection. These variations 
may be related to the vasoconstricting agent used as 
well as to the dose and the technique. 

Tolazoline has been the most commonly used vasodi- 
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Fig. 2.—Giant cell sarcoma in proximal part of tibia. Subtraction films of arterial and capillary phases are 
more informative in control run than after use of PGE:. A, Control run, arterial phase. B, Control run, late 
arterial phase. C, After PGE:, arterial phase. D, After PGE;, late arterial phase. 


lator in extremity angiography. Hawkins and Hudson [3] 
showed that tolazoline markedly improved visualization 
of the vascular supply to bone and soft tissue tumors. In 
a study of 18 patients, Ekelund et al. [1] reported im- 
proved visualization of one lesion, no change in 11, and 


reduced diagnostic value in six cases after the use of 
tolazoline. However, the amount of contrast medium 
used by Hawkins and Hudson [3] (5-12 ml/sec for 4 sec) 
was greater than that used by Ekelund et al. [1] or 
ourselves. For this reason, it is difficult to determine 


10 JONSSON ET AL. 


- 


TOES LL 


, 
1 
[t 
m 
í 
2 
Ae 
e 1 
». 
EEA 
150 
= Y 
mi 
a 
= | 
I 
= 
VIAN 
l wd 
Lt 


j f 





Fig. 3.—Recurrent cavernous hemangioma of hand. Tumor not outlined in subtraction film of control run, but venous filling of hemangioma (arrow) 
is obvious after PGE:. A, Control run, venous phase. B, After PGE:, venous phase. 


whether the improved diagnostic value was due entirely 
to the tolazoline. 

In our study PGE: presumably increased blood flow, 
as determined by the lack of reflux, despite the increased 
rate of injection. Probable decrease in resistance of the 
peripheral normal vessels most likely diverted flow away 
from the tumor vascular bed, leaving the tumor with 
relatively less contrast medium. This response may be 
explained by the relative unresponsiveness of tumor 
vessels to vasoactive drugs compared to blood vessels 
supplying normal structures [12]. 

The increased peripheral flow of contrast medium and 
early venous filling provided improved visualization of a 
recurrent cavernous hemangioma of the hand (fig. 3). 
This was the only occasion that PGE: improved the 
diagnostic information in the present investigation. 

PGE: is not commercially available for intraarterial 
injection but can be obtained as an investivative drug 
(Upjohn, Kalamazoo, Mich.). In the present study 5 ug 
of PGE: was used as a bolus injection. This dose corre- 
sponds to less than 0.1 «g/kg body weight. In an exper- 
imental study of the mesenteric circulation [7], an in- 
crease in blood flow of about 10096 was reported for 
doses ranging from 0.01 to 1.00 ug/kg body weight. In a 
clinical study [8], a dose of 5-7.5 ug PGE, (0.1 ug/kg 
body weight) was used in the splanchnic circulation; an 
associated 50% increase in injection rate (over control 
studies) hardly matched the increased blood flow. On 
the basis of our previous experience, a dose of 0.1 ug/ 
kg body weight was chosen in the present study. The 


dose response to PGE: may not be the same in different 
vascular beds. If a lower dose of PGE: were used, 
perhaps the results would be more comparable with 
those described for tolazoline [1, 3]. With tolazoline 
there was a generalized increase in the angiographic 
visualization of the tumor vessels. When this occurred, 
it was difficult at times to delineate the tumor from the 
enhanced normal vasculature of the limb [1]. 

In our investigation, the total volume of contrast me- 
dium administered was the same in both control and 
PGE: studies. This eliminated the possibility of an in- 
creased volume of contrast having an effect on angio- 
graphic visualization. In studies without vasoactive 
agents, it is sometimes possible to improve parenchymal 
staining by increasing the total volume of contrast by 
prolonging the injection. 

The differences in effect between tolazoline and PGE; 
in angiography at the doses used seem to be related to 
a more pronounced decrease in peripheral resistance 
after PGE:. Visualization of normal vessels was improved 
after PGE:, but not to the same extent as reported for 
tolazoline [3]. Both drugs produce a direct relaxation of 
the smooth muscles of the vessel wall [13]. Although the 
exact mechanism of this action is not clearly defined, it 
is believed that the effect may be related to alterations 
in intracellular cyclic adenosine monophosphate (CAMP) 
levels which may induce changes in vascular smooth 
muscle tone resulting in vasodilation [13]. In animals, 
tolazoline also has an alpha adrenergic blocking effect 
which does not seem to be prominent in humans [14]. 
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Results of the present study show that in the manner 6. Rockoff SD, Doppman J, Block JB, Ketcham A: Variable 
and at the dosage used, PGE; is of little or no value in response of tumor vessels to intra-arterial epinephrine. 
» improving the diagnostic information obtained in angio- Invest Radiol 1:205-213, 1966 


graphic studies of extremity tumors, except perhaps for 
the demonstration of a peripheral hemangioma. In fact, 
the value of pharmacoangiographic agents, whether 
vasoconstrictors or vasodilators, is not consistent. The 8 
observed increase in flow to normal tissue after the 
injection of PGE: confirms the findings in previous 
investigations [10, 11]. The drug may be of more practi- 


cal value as a therapeutic agent in peripheral ischemia. 9. 
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Electromagnetic Rheoangiometry: An Extension 
of Selective Angiography 


ALEXANDER KOLIN,' REX MACALPIN,? AND RICHARD STECKEL? 


A harmless magnetic field produced by an extracorporeal 
magnet induces in the blood vessels of a living subject 
electrical signals which carry information about regional blood 
flows. Loop probes of hairlike consistency equipped with fine 
electrodes can now be introduced percutaneously and selec- 
tively into the vasculature through angiographic catheters to 
pick up these magnetically induced signals at selected loci. 
In addition to a continuous record of phasic blood flow, the 
loop sensors provide signals which measure variations in 
vascular diameters, thus yielding a continuous record of 
active and passive vasomotion. Coupled with blood pressure 
recordings, these data will permit determination of the elastic 
constants of blood vessels in situ. The manifold capabilities 
of electromagnetic rheoangiometry for providing continuous 

records of these vascular parameters are illustrated in dogs 
Y with tracings using multichannel recorders which provide 
continuous information of arterial blood pressures, instanta- 
neous and mean blood flows, and instantaneous and mean 
vascular diameter changes simultaneously in two nonadja- 

cent arteries. 


introduction 


The catheterization techniques introduced for selective 
angiography have added important new capabilities not 
only for clinical diagnosis but also for physiologic re- 
search in animals and humans. It is now possible to 
withdraw blood samples from and administer drugs 
selectively into specific arteries and veins as well as to 
nonsurgically place various physical devices for treat- 
ment or the measurement of physiologic parameters. 

The intravascular injection of contrast media makes it 

. possible to obtain serial radiographs from which vascu- 

\ lar diameters, at any given moment, can be determined. 

The time course of diameter changes can also be fol- 

lowed (with limits in resolving power and duration) by 

cineangiography or serial films. Estimates of regional 

blood flow are made routinely by the injection of a bolus 

of contrast material and assessment of the rate of pro- 

gression of the bolus by direct observation or by video- 
densitometry. 

These accepted methods do not permit continuous or 
prolonged observation of vascular diameters and blood 
flow. In addition, their accuracy and reliability are lim- 
ited. The contrast media which are used to assess the 
rate of blood flow may alter it severalfold in the process 
of measurement! Thus only limited reliance can be 
placed in the ability of such methods to measure the 
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normal preinjection rate of blood flow, particularly after 
the contrast material reaches the peripheral resistance 
vessels. 

This paper will illustrate vasomotion and hemody- 
namic changes produced by the contrast media. It will 
further demonstrate newly developed methods which 
provide a continuous quantitative record of vascular 
diameter changes and regional blood flows in the aorta 
and selected branch arteries with great sensitivity. Such 
measurements are accomplished by nonobstructive sen- 
sors introduced into the vessels via percutaneously 
placed standard angiographic catheters. 


Principle of Flow Measurement 


The measurement of blood flow is based on electro- 
magnetic induction of a voltage in the moving blood 
stream [1]. The principle and evolution of electromag- 
netic flow meters have been reviewed in detail elsewhere 
[2, 3]. An alternating magnetic field is established trans- 
versely to the blood vessel. The electrical signal V; 
induced in the blood stream and picked up across a 
blood vessel diameter perpendicular to the magnetic 
field measures the mean velocity v of blood flow aver- 
aged over the cross section of the artery: 


V, is the amplitude of the alternating voltage signal, and 
B is the amplitude of the alternating magnetic field 
(more precisely, the component of the magnetic field 
perpendicular to the blood flow and to the diameter 
across which the pickup electrodes are disposed). The 
internal artery diameter d is the distance between dia- 
metrically opposed intravascular electrodes, and g iS 
the factor calculated by Gessner [4, 5] which measures 
the attenuation of the electrode signal by the shunting 
effect of the tissues surrounding the blood stream: 


T | 
ge g4 T (2) 
Equation (2) follows from Gessner's calculations under 
the assumption of an artery of infinite wall thickness. c; 
is the electrical conductivity of blood, and a, is the 
effective conductivity of the tissues surrounding the 
blood stream, assuming an environment of homogenous 


conductance. 
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Gessner obtained from the experimental value of o,/ 
T = 4 the magnitude of g = 0.8. It lies between the 
limiting values of g = 1.0 for the flow of blood through a 
perfectly nonconductive conduit, such as a glass tube, 
and of g = 0.5 for flow of blood through a tissue of 
electrical conductivity equal to that of blood. Both of 
these limiting cases are far removed from the actual 
conditions in the living organism. The value g = 08 is 
roughly midway between the extreme limiting cases. 

It remains now to show how a voltage across the 
inside diameter of a blood vessel can be measured in 
Situ and how an intense enough alternating magnetic 
field between the measuring electrodes can be gener- 
ated. 

In figure 1, the magnetic field is generated by an 
extracorporeal magnetic coil (M). The electrodes are 
mounted diametrically across the middle of a resilient 
insulated wire loop (L) that collapses as it is introduced 
through an angiographic catheter (C) placed in the 
vasculature by the percutaneous technique of Seldinger 
[6]. The magnet is directed so that its axis of symmetry 
passes through the loop L whose plane is optimally 
parallel to the plane of the coil M. While this arrangement 
is preferable to obtain optimum signal, it is not indispen- 
sable. A special calibration procedure, described below, 
makes allowance for deviation from the optimal orienta- 
tion. 

The wiring scheme of the loop sensor is shown in 
figure 2. L is a loop made of resilient Elgiloy wire (Elgin 
Corp., Elgin, Ill.) 0.1 mm in diameter, insulated with 
polyurethane (Magnet Wire Supply Co., Chatsworth, 
Calif.). E, and E, are electrodes obtained by removing 
the insulation from the last 3 mm section of fine insulated 
wires W, and W, (0.1 mm in diameter), which are ce- 
mented to the wire which forms the loop. The wire g 
terminates in the ground electrode G. The leads W, and 
W, carry the flow signal to the flow signal-sensing 
amplifier. The leads L, and L, serve for calibration and 
measurement of diameter variations as described below. 
All of the lead wires, L, L, W,, W, and g, are bonded 
together to form a slender stem (ST) indicated in figure 
3. Actually the loop probe is fabricated from a bifilar 
wire pair as described elsewhere [7, 8]. 


Principle of Recording Vascular Diameter Variations 


The configuration of the AC magnet M and loop L 
seen in figure 1 is equivalent to a transformer. The coil 
of the extracorporeal magnet M is the primary winding 
and the intravascular loop L is a single-turn secondary. 
The electromotive force V, induced in the loop by the 
alternating magnetic field B is given by 


dB 
V, = —107*A — 
É 107° A dt (3) 
where V is measured in volts, B in gauss, t in seconds, 
and loop area A in cm?. 


If we have a sinusoidal magnetic field 


where B, is the magnetic field amplitude in gauss and w 
= 2nf the angular frequency (f being the alternating 








FLOW- AND LOOP. 
SIGNAL 
AMPLIFIER . 






Fig. 1. —Configuration of loop transducer L and small extracorporeal 
magnet M. Ideally (but not necessarily) plane of loop is parallel to plane 
of coil. Amplifier has two separate channels, one which processes signal 
derived from electrodes of transducer and one which receives output of 
loop. C = catheter. 


Fig. 2.—Wiring scheme of 
loop sensor. Basic transducer 
scheme incorporating closed 
loop L with terminals L,, L,, 
ground lead gG, and electrodes 
E,, E, with leads W,, W,. G is 
ground electrode. 





field frequency in hertz), the rate of change of B (dB/dt), 
and thus the induced electromotive force V,, will be a 
cosine function of time: 


V, = —10^? AwB, cos at. (5) 


We see that the secondary voltage is proportional to 
frequency w and to loop area A. With the loop L located 
in a fixed position relative to the magnet (w and B, kept 
constant), the loop output voltage V, will be a measure 
of the loop area A. As the blood vessel diameter changes, 
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Fig. 3. —Passage of loop. A, Collapsible loop sensor L after emergence from no. 7 French angiographic catheter T (against a millimeter scale). E,, 
E, = electrodes, G = ground electrode, ST = probe stem. B, Collapsible loop sensor L after emergence from no. 4 French catheter T (1 mm ID).C, 
Loop sensor L half emerging from curved 1 mm ID catheter T. D, Loop sensor L collapsed inside transparent tubing T (1.6 mm ID). (H = human hair, 


for comparison with loop wire.) E, Loop sensor L emerging from tip of curve 


A will undergo corresponding variations and so will V, . 
If a shape for the loop is chosen for which the area is 
linearly proportional to the diameter of the artery which 
confines the loop, the loop output voltage V, would be a 
linear function of the artery diameter. This is indeed the 
case for the loop shape shown in figures 1 and 2 within 
a tolerance of 396 for a 1:3 range of variation of the 
artery diameter [5, 9, 10]. The electronic circuit utilizes 
phase-sensitive detection which has been described 
elsewhere [10]. 


Calibrations 


Diameter measurements 


The present system does not provide a measure of the 
absolute value of vascular diameters. If such information 
is needed, it is obtained either by angiography or by 
obtaining a radiograph of the loop without injected 
contrast material with the plane of the loop perpendicu- 
lar to the path of the x-ray beam. 

The absolute value of the diameter is not needed in 
investigations of diameter changes provoked by physio- 
logic and pharmacologic agents. Those changes can be 
expressed as a percentage of the initial vascular diame- 
ter. If the initial blood vessel diameter is determined 
radiologically (see above), all diameter changes can, of 
course, be stated in absolute terms. 


d catheter T into branch BR of major blood vessel V. 


Flow Measurements 


The planes of the magnet coil and the sensor loop 
need not be aligned strictly parallel to each other in 
making flow or diameter measurements, although this is 
the optimal configuration. The loop may actually have 
an arbitrary orientation and location within the body 
without precluding an accurate calibration for absolute 
flow measurements. 

The orientation of the loop can be taken into consid- 
eration as follows. Both the flow signal and the loop 
transformer signal are based on the same magnetic field 
component which is perpendicular to the loop. Thus if 
deviation from the optimal orientation of the loop relative 
to the magnetic field occurs so that the induced loop 
signal will be reduced to n% of its optimal maximum 
value, the flow signal will be reduced by the same factor. 

In addition to the orientation of the probe, the diameter 
of the blood vessel plays a role in determining the flow 
sensitivity as well as the magnitude of the loop signal. 
From equation (1), the flow signal V, is proportional to 
the product B,d. We need not know the individual values 
of B, and d. Similarly, if A (the loop area) in equation (5) 
is replaced by A = cd, where c is a proportionality 
constant, the alternating loop voltage again depends on 
the product B,d so that it is not necessary to know B, 
and d individually in order to calibrate the instrument 
(see below). 
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In vitro calibration of each probe can be performed in 
the laboratory either before or after the in vivo experi- 
mental recording of blood flow. To do this, the probe 
loop is placed in a plastic tube of known internal diame- 
ter (d"), with the loop optimally oriented in the magnetic 
field. Fluid with electrical conductivity identical to that 
of flowing blood (saline solution) is allowed to flow 
through the tube at a known constant velocity (v*). If 
starred symbols are assigned to parameters measured 
in the laboratory using this calibrating device where the 
probe loop is optimally oriented in the magnetic field, 
we then obtain from equation (1) the relation between 
the amplitudes of the observed flow signal V, and the 
magnetic field B, (omitting the subscript 0 and setting 
B*d* = b*): 


V,* = 10 g(B*d*)v* = 10-*gb*v*. (6a) 


Since g = 1 for the plastic tube of the calibrating 
apparatus, 


Ve" = 10^9b'v*. (6b) 


The sensitivity of each loop sensor in fulfilling this 
relationship must be determined. The calibrated in vitro 
sensitivity S* is 


S*= T mios (7) 





For the measurements in vivo we can write from equation 
(1), replacing Bd by b, 


V. 


S = = 10-*gb. (8) 


<I 


Dividing equation (8) by equation (7), we obtain 


b s. 

S = (a7. )s. (9) 
This equation expresses the desired unknown quantity 
S (the in vivo sensitivity) in terms of the measured in 
vitro sensitivity S*, the Gessner factor g, and the loop 
signals b and b* measured under experimental condi- 
tions in vivo and at standard conditions in vitro, respec- 
tively. The known constant g need not be determined in 
the course of the calibration. 

The in vitro sensitivity S* gives the instrument reading 
for a mean flow velocity of 1 cm/sec in the plastic tube 
of diameter d* in our calibrating device. Equation (9) 
provides the instrument reading for a mean flow velocity 
of 1 cm/sec within a blood vessel under experimental 
conditions. 

Unlike the loop signal which is proportional to the 
area of the loop, the flow signal is independent of loop 
area. Thus loops of different sizes placed into the same 
blood vessel will show the same flow sensitivity because 
the interelectrode distance will be the same. The mea- 
surement of b for each loop probe is necessary for 
calibration. One could adopt several standard loop sizes 
and precalibrate them so that one single calibration 
would apply to all probes of a given caliber. 

Equation (9) provides a calibration in terms of mean 


flow velocity V even in cases where the blood vessel 
diameter has not been previously determined. As a rule, 
however, we are more interested in measurement of the 
volume rate of flow Q. This requires knowledge of the 
blood vessel diameter d, since 


Q-7d*v. (10) 


The value d can be determined by quantitative angiogra- 
phy in the course of the experiment or by visualizing the 
loop probe in the artery with the plane of the loop 
perpendicular to the x-ray beam, as already mentioned. 


Zero-Flow Baseline 


This methodology for blood flow measurement re- 
quires a means for determining a nonocclusive zero- 
flow baseline. It has been achieved with a new magnetic 
field waveform which provides a long plateau of constant 
field strength prior to sampling the flow signal. The 
electronic circuit, which provides alternating periods of 
magnetic field plateaus for sensing of blood flow and 
sinusoidally changing magnetic field intervals for cali- 
bration and diameter sensing, is based on a process of 
interrupted resonance. Its principle has been described 
elsewhere [8]. That a stable zero-flow baseline is attained 
by merely switching off the magnetic field has been 
demonstrated numerous times in many different blood 
vessels [11]. 


Placement of Probes and Magnets 


Most reported experiments were performed with two 
extracorporeal magnets which were used singly or in 
conjunction. Magnet A is quite small with measurements 
as follows: 13.5 cm OD, 7.0 cm ID, 3.3 cm thick, 1.36 kg, 
852 turns of no. 20 gauge formvar-insulated copper 
wire, 9.0 ohm resistance, and 82.1 mH inductance. The 
magnet current was 5 A in all experiments. This magnet, 
when placed on the skin as closely as possible to the 
artery in question, gave quite clean signals (i.e., high 
signal-to-noise ratio) in superficial arteries such as the 
femoral, carotid, and iliac arteries of the dog. The larger 
magnet B had the following measurements: 36.5 cm 
OD, 29.5 cm ID, 5.0 cm thick, 10.4 kg, 298 turns of no. 
12 gauge ML-insulated copper wire, 1.81 ohm resist- 
ance, and 44.2 mH inductance. The current was 5 A in 
all experiments. 

The magnetic field of coil B is large enough, covering 
a sufficient volume, so that signals may sometimes be 
obtained from more than one artery with proper coil 
placement (see below). Coils A and B can be used 
simultaneously to measure flow in at least two widely 
separated blood vessels anywhere in the body. The 
electronic system is capable of supplying enough power 
to energize both coils in series. Since the fields from the 
two magnets are of the same frequency and in phase, 
they do not interfere with each other. 

Magnet coil B was used initially in the configuration 
of figure 1 for measurements in deep-seated visceral 
blood vessels such as the renal and superior mesenteric 


a 
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arteries. Such measurements must overcome certain 
experimental difficulties. The magnetic field intensity 
falls off rapidly along the symmetry axis away from the 
coil (with the third power of the distance). This attenua- 
tion of the field intensity is less steep (in terms of 
absolute distance) for the larger B coil than for the 
smaller A coil. Nevertheless, the currently available in- 
tensity of the magnetic field with the B coil is not 
sufficient to provide a high enough signal-to-noise ratio 
in deep-seated blood vessels for clean recordings of 
phasic blood flow, despite the less pronounced diminu- 
tion of the magnetic field of the larger coil with distance. 
Thus the configuration of magnet and probe shown in 
figure 1 is currently used only for superficial vessels 
(e.g., iliac artery, fig. 5). 

The experimental difficulty was overcome as follows. 
Taking advantage of the fact that many visceral arteries 
of interest are substantially perpendicular to the aorta 
near their ostia, the magnetic field was oriented to be 
roughly parallel to the animal's spinal column. This 
assures approximate compliance with the condition for 
optimal orientation between the magnetic field and the 
blood vessel axis. This configuration is achieved now by 
inserting the torso of the animal into a ring-shaped B 
magnet coil which completely encircles the body at the 
level of interest. The animal rests in a lucite cradle of 
semicircular cross section which can be rotated about 
the dog's spinal axis. There is enough leeway to tilt the 
coil somewhat about a horizontal and/or vertical axis to 
optimize the loop signal, which automatically insures 
optimization of the flow signal. This technique is now 
being used regularly for diameter and flow measure- 
ments in deep-seated vessels (e.g., superior mesenteric 
artery, fig. 5). 

However, the achievement of optimal mutual orienta- 
tions between the magnetic field and the blood vessel 
axis does not necessarily assure an optimal flow signal 
(or loop signal). In fact, the signals delivered by the 
probe to the loop and flow signal amplifiers may be low 
or even zero when the magnetic field is perpendicular to 
the blood vessel axis. The additional requirement for 
achieving a maximum signal is a probe orientation in 
which the plane of the loop is parallel to the plane of the 
coil and the diameter that bridges the electrodes is 
oriented at right angles to the magnetic field. While this 
is the ideal configuration, moderate deviations from it 
are permissible and merely result in a diminution in 
signal strength derived from the loop transducer; this is 
subsequently used in the flow calibration, to render it 
independent from loop orientation. 

Figure 4 illustrates incorrect and correct placement of 
the loop transducer in the superior mesenteric artery, in 
order to obtain a flow signal by the technique in which 
the magnetic field is substantially parallel to the spine. 
In figure 4A, the spine-parallel magnetic field is parallel 
to the plane of the loop which has been introduced 
through the angiographic catheter, and its direction 
coincides roughly with a line joining the electrodes. The 
signal derived from the probe for this least favorable 


configuration is minimal. On the other hand, the flow 
signal is nearly optimal for the configuration shown in 
figure 4B. Here, the plane of the loop is perpendicular 
to the x-ray film and also (approximately) to the spine- 
parallel magnetic field. Thus the signals derived from 
the electrodes and from the loop are nearly optimal. 
Because of the right angle orientation of the plane of 
the loop to the film, it is not seen as an open loop in the 
projection shown. 

It would be difficult to turn the loop shown in figure 
4A into its optimal orientation. In fact, in most cases, the 
loop orientation remains unaffected with the application 
of a torque to the probe stem. If the loop rotates within 
the vessel, it does so, as a rule, in a large angular jump 
so that a gradual rotation into an optimal orientation is 
practically impossible. 

We found, however, that the use of a precurved cath- 
eter (fig. 3E) offers a simple solution for the loop orienta- 
tion problem. Before beginning, a sensor loop is placed 
through the catheter, and the orientation which the loop 
assumes spontaneously as it emerges fully from the 
catheter tip is noted. The stem below the ground elec- 
trode G is then twisted until the plane of the loop 
assumes any desired orientation: for instance, perpen- 
dicular to the plane of curvature of the catheter tip in 
the above example, or parallel to this plane as shown in 
figure 3E. The orientation of the plane of a loop relative 
to that of the plane of curvature of a matched catheter 
remains unchanged during subsequent insertions, with 
remarkable dependability. Thus we have in our collection 
of probes some whose loops are twisted at 90°, + 45°, or 
0° relative to the plane of the catheter tip curvature. This 
is an adequate variety of probes to cope with situations 
encountered in practice, for a number of anatomic vari- 
ations. Furthermore, a deviation of the plane of the loop 
by 45° from the optimal orientation degrades the probe 
signal to only 71% of the optimal value. 

Among the advantages of the spine-parallel magnetic 
field is avoidance of the problem of a greatly reduced 
field intensity as one moves away from the coil plane 
along the coil axis, since the intravascular probe is 
placed roughly within the plane of the external coil at 
the location of maximal magnetic field intensity. Further- 
more, it makes no difference in which radial direction a 
branch artery of the aorta points. Since loop orientation 
is predictable as a result of the prematching procedure 
described above, its plane will be substantially perpen- 
dicular to the spine-parallel magnetic field when the 
loop emerges from the catheter tip inside the branch 


artery [12]. 
illustrative Results 


Simultaneous Recording of Blood Flow and Vasomotion 


The following illustrations represent examples of the 
kind of physiologic and pharmacologic information 
which can be obtained by these new measurement tech- 
niques. In the following examples, the loop transducers 
have been introduced into the target vessels via radio- 
paque no. 7 French Teflon catheters. Arterial blood 
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Fig. 4.— Incorrect (A) and correct (B) placement of loop transducer in superior mesenteric artery of two dogs. A, Plane of loop is roughly parallel to 
spine-parallel magnetic field, thus yielding neither significant loop signal nor flow signal. Radiograph also illustrates danger of deforming loop if stem 


is thrust forward when tip of loop is trapped in small branch artery. Obstruction may also prevent ground electrode at base of loop from emerging 
from end of catheter as in this illustration, precluding successful flow measurements. B, Spine-parallel magnetic field forms nearly 90* angle with 


plane of loop, which in turn is perpendicular to plane of x-ray film. 


pressure is measured simultaneously through the fluid- 
filled lumen of the same catheters in continuity with a 
Statham P23Db pressure transducer. The dog's respira- 
tory cycle is recorded at the same time by changes in air 
temperature within an endotracheal tube measured with 
a small thermister probe. Recording speed was changed 
in the course of this record, as shown by the timer 
markings. Amplifier gains used for recording mean flow 
were not the same (usually higher) as those used for 
phasic flow records. 

Figure 5 illustrates the comparative effects of intraar- 
terially administered contrast medium (Renografin 76) 
on blood flow through the iliac and superior mesenteric 
arteries of a dog. This illustration is of particular radio- 
logic interest, since bolus injections have been used to 
estimate regional blood flow (see above). The large 
instantaneous circulatory effects shown as well as the 
differences in effects in various vascular beds confirm 
that these measurements must be made before the 
contrast medium reaches the resistance vessels, dilates 
them, and affects the very physiologic parameters which 
are being measured. 

These records were obtained by using the two electro- 
magnetic coil designs described. The large encircling B 
coil provided the spine-parallel field for the superior 
mesenteric artery, while the small doughnut-shaped A 
coil was laid flat on the skin over the region of the left 
iliac artery. 

In figure 5A, an injection of 5 ml of Renografin 76 into 
the left iliac artery caused a 4.5-fold increase in flow, 
while only a slight decrease in superior mesenteric artery 
flow accompanies a concomitant drop in blood pressure. 
On the other hand, an identical intraarterial injection of 


the same material into the superior mesenteric artery 
(fig. 5B) caused only a 3596 rise in superior mesenteric 
flow, while the blood pressure and iliac flow remained 
constant. 


Angiometer Function of Loop Sensor (Continuous 
Diameter Measurements) 


The remaining examples illustrate the capacity of the 
transducer loop to function as a very sensitive ‘‘angiom- 
eter,’ which can detect relative vascular diameter 
changes of less than 0.196 instantaneously and with 
great accuracy. In fact, it can detect changes (10 um) in 
the diameter of a canine aorta which are comparable to 
the diameter of an erythrocyte! 

This high sensitivity can be obtained by compensating 
the constant component of the loop signal with a con- 
stant electromotive force induced in a small auxiliary 
coil; this is in series with the loop and is mounted with 
variable orientation near the magnet coil [10]. The re- 
maining signal, carrying information on the deviations 
of pulsatile diameter from its mean value, can be greatly 
amplified without overloading the amplifier; the large 
signal represents the constant component of the loop 
output. Figure 6 illustrates such a continuous vascular 
diameter tracing. The segments of the tracing between 
the pulsatile recordings are obtained by observing the 
compensated loop output with a high time constant in 
the filter circuit, while the pulsatile segments of the 
tracings are recorded at low time constant settings. 

Observations at a high time constant value are conve- 
nient where changes in mean diameter are of interest. 
The signal-to-noise ratio is high, and high sensitivities 
can be obtained. Figure 7 shows a simultaneous record- 
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ing of changes in mean arterial blood pressure and 
variations in mean vascular diameter in a dog's descend- 
ing aorta, in response to rapid venous injection of 
contrast media (6096 Hypaque). The changes in mean 
vascular diameter closely parallel changes in mean blood 
pressure. Since variations on the tracing of 0.5 mm are 
easily readable, changes as small as 0.1% in vascular 
diameter can be detected. For an artery 1 cm in diameter 
this actually represents an absolute diameter change of 
10 um. 


Discussion 


While the use of an external electromagnet to generate 
the field for flow and diameter measurements has al- 
lowed miniaturization of the flow probe and increased 
the biologic electrical safety of the system, certain prac- 
tical constraints are introduced into its use. The need to 
attain adequate magnetic field strength at the site of the 
flow measurement in deeply situated visceral blood ves- 
sels requires the use of large external coils which have 
to be specially mounted near the patient [12] or experi- 
mental animal to permit changes in relative orientation. 

If a change in the loop transformer signal occurs 
during the flow and diameter measurements, the present 
system does not indicate whether this is due to an actual 
change in arterial diameter at the loop site or to a 
change in orientation of the loop relative to the magnetic 
field. This is not a problem in most arteries, where a 
stable and reproducible loop orientation is the rule. 
However, motion of the loop may be responsible for a 
respiratory artifact in the diameter recordings of arteries 
which move as a result of the excursion of the diaphragm 
(e.g., the renal arteries). The superior mesenteric artery 
is, in fact, so mobile in the dog that intestinal peristalsis 
may cause the loop probe to change its orientation in 
that vessel over a period of time. In the coronary arteries, 
the periodic motion of the beating heart is expected to 
cause an artifact in the phasic flow signal as the probe 
moves in the magnetic field; however, this will not affect 
the mean flow recording. 

Equation (9) reveals that a change in loop transformer 
signal during experimental flow measurements will still 
allow calculation of flow velocity, providing the loop 
transformer signal is recorded continuously and simul- 
taneously with the flow signal as in figure 5. It does not 
matter whether the change in the loop signal results 
from a change in orientation of the loop with respect to 
the magnet (see above), a change in distance between 
loop and magnet, an actual change in vessel diameter, 
or any combination of these; the sensitivity of the probe 
to blood velocity varies in direct proportion to the loop 
signal regardless of how the latter varies. (Of course, 
the use of the loop signal to detect and quantitate 
changes in vessel diameter presupposes a constant 
magnetic field strength and loop-magnet relationship, 
easily achieved in most vessels.) Instantaneous blood 
velocity can in fact be derived from the phasic flow 
signal, modulated by changes in the loop signal (this 
can be done electronically), even with substantial beat- 
to-beat diameter changes as seen in the central aorta 


[10]. On the other hand, if a constant spatial relationship 
of the loop and magnet cannot be assured, the calcula- 
tion of volume rate of flow from the flow velocity signal 
and arterial diameter [equation (10)) cannot be done 
reliably in the face of a changing loop signal. 

The flow-sensing electrodes of the probe are not 
shielded from biaelectric events. In arteries near the 
diaphragm, potentials which accompany contraction of 
this muscle can be seen superimposed on the flow 
signal. Near the heart, the electrocardiographic signal is 
superimposed upon the flow signal. These biologic 
“noises” can be minimized by generating high magnetic 
field strengths, enabling the recording of the flow signal 
at a lower amplifier gain. They usually can be eliminated 
by recording mean flow at a high time constant setting 
of the amplifier, which filters out these high frequency 
interference signals. 

As with any foreign material placed in the blood, the 
loop probe represents a potential site for thrombus 
formation. This can be prevented by heparinization of 
the subject and by leaving the probe in the blood stream 
for only a few minutes while measurements are made; 
between measurements the probe can be retracted until 
it is entirely sheathed within the catheter where it is 
bathed by the heparinized flushing solution out of con- 
tact with blood. Since the fine loop probe must be able 
to spring open freely to span the arterial diameter for 
proper functioning, it is not at present recommended 
for use in human arterial segments extensively diseased 
with atherosclerosis, pending further studies. 

The loop probe is a relatively delicate structure. Care 
must be exercised in advancing the loop out of the end 
of the catheter; the tip of the probe can become lodged 
in the orifice of a small side branch with resultant 
deformation of the loop if the probe is advanced further. 
Reliable flow measurements cannot be made when the 
loop is deformed (see fig. 4A). The probe's insulation 
must be carefully protected against cracking or abrasion 
in order to maintain high flow signal quality and a 
reliable zero flow reference [11]. Current probes require 
the catheter tip opening to be at least 1 mm ID. Although 
the probes can be passed through polyethelene cathe- 
ters, they pass more easily through ones made of Teflon. 
While most of our studies have been done using no. 7 
French catheters, we have succeeded in making loop 
probes fine enough to pass through no. 4 French cathe- 
ters. 

The primary information obtained by the intravascular 
probe is the instantaneous flow velocity averaged over 
the internal vascular diameter. To obtain the absolute 
volume rate of flow, this average velocity must be multi- 
plied by the cross-sectional area of the blood vessel, 
which may be obtained by standard radiographic tech- 
niques. An angiographic exposure at the beginning of a 
bolus injection will suffice; a radiograph of the intravas- 
cular loop oriented parallel to the x-ray film can also 
serve this purpose, without the injection of contrast 
media. Both must be corrected for magnification. 

Despite these limitations, electromagnetic rheoan- 
giometry extends the capabilities of selective vascular 
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Fig. 5. —Simultaneous recordings of blood flows and vascular diameter pulsations in left iliac and 
superior mesenteric arteries of a dog. Prior to drug injections there is characteristically large 
diastolic flow component in superior mesenteric artery and practically absent diastolic flow in iliac 
artery. A, Effect of selective bolus injection (IN — injection) of contrast medium into left iliac artery. 
Small blood flow peak preceding large one in iliac mean flow tracing measures jet of drug flowing 
past loop sensor as it issues from tip of catheter. (Drug is injected into same catheter through which 
probe is introduced.) Corresponding segment of instantaneous flow tracing shows turbulence of jet 
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issuing from catheter tip. Subsequent flow increase in iliac artery coincides with drop in arterial 
blood pressure and slight decrease in flow in superior mesenteric artery. Recording paper speed is 
changed at A. Vertical arrows denote points at which extracorporeal electromagnets have been 
turned on after baseline is obtained. B, Effect of bolus injection (IN) of contrast medium directly into 
superior mesenteric artery. Effect is much smaller in this vascular bed. There is no observed change 
in blood pressure or in iliac flow or diameter. 
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Fig. 6.— Recording of pulsatile pressure and diameter variations in terminal aorta of dog. Loop signal is compensated by constant balancing signal 
so that recorded diameter pulsations represent deviations from mean diameter. Loop signal is observed with high time constant in intervals A-B, C-D, 
and E-F, and low time constant in intervals B-C and D-E. Note close parallelism between contours of pressure and diameter pulses. 
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Fig. 7.—Changes in mean pressure and mean diameter in descending 
aorta of dog after rapid bolus injection into peripheral vein of 45 ml of 
60% Hypaque (artist's tracing of original recording). Observed changes 
in vessel diameter closely parallel those in arterial pressure but are of 
much smaller relative magnitude. 


catheterization by providing continuous quantitative in- 
formation which was not obtainable heretofore. It is 
now possible to record pulsatile vascular diameter 
changes without the injection of radiologic contrast 
media and recourse to x-ray seriography or cine studies. 
Diameter changes occurring within a few thousandths 
of a second can be detected, and the sensitivity is high 
enough to demonstrate diameter variations on the order 
of 0.1%. Blood flows can also be recorded continuously 
in superficial as well as deep-seated visceral arteries 
without surgical intervention. This has enabled us to 
perform measurements on conscious human subjects 
using standard radiologic catheters, in the course of 
routine angiographic procedures [12]. In animal experi- 
mentation, the avoidance of surgery and the use of only 
light anesthesia preserves the animal in a condition 








closer to the normal physiologic state than previously 
possible in acute flow studies relying on the application 
of perivascular flow probes. 

This unique rheoangiographic system also provides 
for the first time an opportunity for concurrent observa- 
tions of blood flow and vascular diameter changes. 
Coupled with recording of phasic blood pressures, the 
observation of changes of vascular diameter in response 
to variations in blood pressure permits an assessment in 
vivo of the elastic constants of vessel walls. taking into 
account the contribution of perivascular tissues to the 
elasticity of the vasculature. The present method also 
amplifies earlier data, previously obtained with perivas- 
cular flow probes, that the contrast media used for 
radiologic assessments of blood flow have a profound 
effect on flow. 
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Popliteal Vein Thrombosis Secondary to Popliteal Artery Aneurysm 


PETER E. GIUSTRA.' JOHN A. ROOT, SABRY E. MASON, AND PAUL J. KILLORAN 


Two patients with popliteal vein thrombosis secondary to 
popliteal artery aneurysm are described. The association of 
venous abnormalities in 623 reported cases of popliteal artery 
aneurysm is reviewed. The high morbidity from popliteal vein 
thrombosis would seem to justify preoperative leg venography 
in patients with popliteal artery aneurysm. 


The most commonly reported complications of popliteal 
artery aneurysms are arterial in origin. They include 
thrombosis or rupture of the aneurysm and embolic 
occlusion of arterial branches distal to the aneurysm 
from thrombi within the aneurysm [1-7]. Although inter- 
ference with venous return and subsequent popliteal 
thrombosis or thrombophlebitis have been described, 
the true incidence of venous complications is not known. 
We describe two patients with popliteal aneurysm, both 
with associated popliteal vein thrombosis. The incidence 
of venous complications of popliteal artery aneurysm as 
presented in the literature is analyzed. 


Case Reports 
Case 1 


A 56-year-old Caucasian male noted a lump in the left poplit- 
eal fossa after a fall 6 weeks before admission to the Penobscot 
Bay Medical Center. Several days before admission, pain in the 
left calf was accompanied by marked discomfort with motion of 
the foot or ankle. The patient was admitted with a diagnosis of 
deep calf thrombophlebitis. A pulsatile mass in the popliteal 
fossa was noted, with a palpable posterior tibial artery pulse 
but absent anterior tibial artery pulse at the ankle. Left femoral 
arteriography showed a partially clotted popliteal artery aneu- 
rysm (fig. 1A). Left leg venography demonstrated popliteal vein 
thrombosis (fig. 1B). 

Venography 4 years earlier for suspected deep vein thrombo- 
sis had been normal. Surgical treatment of the popliteal artery 
aneurysm included resection with end-to-end saphenous vein 
bypass graft and concomitant ligation of the left femoral vein. 
After resorption of acute leg edema secondary to femoral vein 
ligation, the patient was discharged 16 days after admission on 
oral anticoagulation. 


Case 2 


A 53-year-old Caucasian male was admitted to the Camden 
Community Hospital after three episodes of ischemic attack 
involving the left foot, characterized by sudden foot pain fol- 
lowed by pallor and loss of sensation over several hours. The 
patient had a history of longstanding venous insufficiency, and 
the left leg was pigmented and chronically indurated. A large 
pulsatile mass was present in the popliteal fossa, and peripheral 
pulses were absent. Left femoral arteriography performed at 
the Penobscot Bay Medical Center defined a partially clotted 
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popliteal aneurysm with distal popliteal artery thrombosis (fig. 
2A). Left leg venography showed extensive deep vein thrombo- 
sis (fig. 2B). Venography for evaluation of venous insufficiency 
3 years earlier demonstrated superficial varicosities but a patent 
deep venous system. Surgical treatment of the popliteal artery 
aneurysm included resection with end-to-end saphenous vein 
bypass graft. The patient underwent anticoagulation therapy 
during a 10 day hospitalization. There were no postoperative 
complications; the patient's left leg was warm and dry with 
palpable peripheral pulses on discharge. 


Discussion 


Although popliteal artery aneurysm is the most com- 
mon aneurysm of the extremities, second only to abdom- 
inal aortic aneurysm, it is rare in our population. In over 
75 limbs undergoing femoral arteriography at our insti- 
tution in the past 6 years, only these two cases have 
been diagnosed. Both patients had associated popliteal 
vein thrombosis. 

The value of preoperative femoral arteriography in all 
cases of popliteal artery aneurysm is indisputable. Im- 
portance lies not so much in demonstrating the aneu- 
rysm per se, which is usually obvious clinically, but in 
opacifying the distal uninvolved popliteal artery and the 
arterial trifurcation in the calf. We have found that the 
lateral projection during arteriography provides the most 
information. The thrombus in the distal popliteal artery 
in case 2 was barely visible in the anteroposterior projec- 
tion and might have been overlooked without an appro- 
priate lateral view (fig. 2A). Because of the increased 
incidence of associated aneurysms, abdominal aortog- 
raphy and contralateral femoral arteriography may be 
performed [1]. 

Besides the established use of preoperative arteriog- 
raphy, our experience in the two patients presented 
suggests that preoperative venography be considered in 
patients with popliteal artery aneurysm. Analysis of 623 
reported cases with popliteal artery aneurysm has shown 
that associated venous disease is uncommon, some- 
where between 10% and 15% (table 1); however, its 
exact incidence cannot be determined due to the ab- 
sence of confirmatory venographic studies. The number 
of patients undergoing venography is not reported but 
is presumably low, at least not routine. 

The importance of diagnosing popliteal vein thrombo- 
sis cannot be overemphasized [8]. Pulmonary embolus 
is reported to occur in 66% of these patients, an inci- 
dence twice that for thrombosis within the veins of the 
calf. The majority of large pulmonary emboli are felt to 
come from popliteal thrombi. In patients with popliteal 
artery aneurysm and leg swelling or evidence of chronic 
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TABLE 1 


Venous Complications of Popliteal Artery Aneurysm 














No. 
Reference Aneu- No. Complications 
rysms 
Wychulisetal.[1] ... 233 Venous occlusion, 30; popliteal 
thrombophlebitis, 11 
Bouhoutson and 
Martin [2] ........ 116 Compression and/or thrombosis of 
the popliteal vein, 5 
Gifford et al. [3] .... 100 “Pressure on the veins,” 24 
Dardik and Dardik 
jee eee uas 2 ad 
Buda et al. [5]...... 86  "Venous stasis secondary to either 
local compression or thrombosis 
of the popliteal vein," "several" 
GOVS [B] iis geacn B5 eg 
Hardy et al. [7] ..... "Popliteal vein compression,” 2 








Fig. 1.— Case 1.A, Selective left fem- 
oral arteriogram, lateral projection, 
showing 8 cm partially clotted (X) poplit- 
eal aneurysm (arrows). Flow within 
aneurysm was sluggish, but contrast 
faintly outlines patent distal popliteal 
artery. B, Left leg venogram showing 
thrombus high in calf (arrow) with com- 
plete occlusion of popliteal vein at knee. 
Popliteal-femoral vein junction (P) is 
opacified by superficial collaterals and 
is displaced laterally by large popliteal 
artery aneurysm. 


venous insufficiency, the clinical diagnosis of associated 
popliteal vein thrombosis may be facilitated with the use 
of contrast-enhanced venography. Doppler ultrasound 
or radionuclide venography also may establish the diag- 
nosis of vein thrombosis at institutions where these 
procedures are available. 
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Fig. 2.—Case 2. A, Selective left femoral arteriogram, lateral projection, 
showing well opacified lumen of partially clotted popliteal artery aneurysm (X) 
and 1 cm thrombus (arrow) in distal popliteal artery. B, Left leg venogram 
showing popliteal vein completely occluded. Thrombus (arrow) appears in 
femoral vein as it opacifies from superficial vein collaterals. S — sural vein. 
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Radiologic Appearance of Viral Disease of the Lower Respiratory Tract 
in Infants and Children 


DENNIS OSBORNE' 


The radiologic findings in 123 hospitalized children with 
viral disease of the respiratory tract due to adenovirus, respi- 
ratory syncytial virus, parainfluenza, influenza, measles, or 
herpes virus were retrospectively reviewed. Bronchial wall 
thickening, peribronchial shadowing, and/or associated pe- 
rihilar streaking were present in 107 cases. Patchy pulmonary 
shadowing thought to reflect disease at a sublobular or lobular 
level was present in 72 cases, while areas of coalescent 
more homogeneous pulmonary shadowing were present in 
only 20 cases. In general the pulmonary abnormalities were 
widespread; on the average, two to three lobes demonstrated 
abnormal pulmonary findings. Poorly defined small pulmonary 
nodules, while radiologically unimpressive, were noted in 49 
cases. Air trapping was observed in 61 cases. Hilar adenopa- 
thy was seen in only four cases and was unimpressive. There 
was a striking absence of pleural effusion, pneumothorax, 
pneumatocele, and lung abscess in the patients examined. 


Introduction 


Viruses are the major cause of respiratory tract infections 
in children [1-4]. Chanock and Parrots 1965 study, 
along with others, established that respiratory syncytial 
virus is the single most important viral pathogen of the 
respiratory tract in early life. However, parainfluenza [5], 
adenovirus [6], and the influenzal virus [7] have also 
been shown to be important causes of acute disease of 
the lower respiratory tract in children. Although un- 
doubtedly other viruses exist that cause respiratory tract 
infection, the above are responsible for the majority of 
lower respiratory tract viral infections in children requir- 
ing hospitalization. 

The respiratory viruses appear to produce an essen- 
tially surface infection of the respiratory mucous mem- 
branes with temporary multiplication of virus in the 
mucosa. Typically there is necrosis of the ciliated epithe- 
lial, goblet, and bronchial mucous gland cells. These 
cells subsequently slough to the level of the basement 
membranes. The bronchial and bronchiolar walls be- 
come edematous and infiltrated with mononuclear cells, 
often with involvement of the peribronchial tissue and 
interlobular lung septae. Occasionally there is extension 
of necrosis and edema into the terminal air passages 
and alveolae. While whole lobules may be involved, the 
focal inflammatory response can affect only the peri- 
bronchial portions of the lobule. Less commonly local- 
ized or generalized hemorrhagic pulmonary edema may 
occur, and capillary thromboses may be present. As the 
process resolves there is epithelial regeneration and 
proliferation [8-15]. These gross and microscopic find- 
ings are seen in viral disease of the lower respiratory 
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tract irrespective of the virus, although there are individ- 
ual variations at the cellular level which enable the 
pathologist to sometimes make a definitive etiologic 
diagnosis. 

In an effort to determine whether this common patho- 
logic pattern had a recognizable radiologic counterpart, 
| retrospectively surveyed the hospital records and radio- 
graphs of 123 children with a presumed viral infection of 
the lower respiratory tract. 


Subjects and Methods 


The records of the virus laboratory at Auckland Hospital 
were reviewed. Over 200 children under the age of 5 years with 
elevated respiratory virus complement fixation titers were se- 
lected for initial analysis. When sera are sent for evaluation 
of respiratory viruses, the laboratory routinely screens for res- 
piratory syncytial virus, adenovirus, and parainfluenza and influ- 
enza viruses. The children had all been admitted to Princess 
Mary Hospital and the Paediatric Infectious Diseases Unit, Auck- 
land Hospital Board. 

After review of the hospital records and radiographs of these 
children, 123 cases with adequate clinical and radiologic docu- 
mentation were selected for further analysis. Included in the 
survey were children who, in an appropriate clinical situation, 
had had a virus cultured and fourfold elevation in respiratory 
viral titers between acute and convalescent serum examination. 
Cases were excluded for the following reasons: (1) obvious 
mixed infection, (2) an inappropriately long interval between 
the primary illness and collection of sera, (3) only one virus 
titer estimate, and (4) inadequate radiologic documentation. 

Of the 123 cases, 65 had respiratory syncytial virus; 18, 
adenovirus; 26, parainfluenza; five, influenza; eight, measles; 
and one, herpes simplex. Age, sex, race, clinical presentation, 
duration of illness, and the radiographs of these cases were 
separately evaluated. The admission radiographic examination 
was the usual basis for the radiologic analysis, but all films 
during a patient's illness were examined. 

Radiologic abnormalities were classified as follows: 

Patchy pulmonary shadowing. Multiple abnormal areas of 
shadowing of water density measuring about 3-6 mm with 
rather poorly defined margins. On the basis of the pathology, 
this probably represents consolidation at the secondary lobular 
or subsecondary lobular level [16], although it could represent 
areas of focal pulmonary collapse. 

Coalescent pulmonary shadowing. An area of abnormal 
shadowing of water density measuring at least 7-10 mm, occa- 
sionally with quite discretely defined margins and not infre- 
quently associated with an air bronchogram. This shadowing 
was thought to represent consolidation at the secondary lobular 
or lobar level [16], although again it could have represented an 
area of focal pulmonary collapse. 

Mixed pulmonary shadowing. A combination of both of the 
above, representing mixed sublobular and lobar consolidation. 
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TABLE 1 
Radiologic Findings in Viral Infections of the Lower Respiratory Tract 


T M 


Respiratory 


Finding Syncytial Virus Adenovirus Parainfluenza Influenza Measles Herpes Simplex Total 
NO. PRU DE eeu sd dde ves S RT aaa a Rd 65 18 26 5 8 1 123 
Shadowing: 
Xo ETT TNT ET TT TTE 39 10 14 4 5 e 72 
CARIBOO EEE EET GERE dca 10 4 3 e 3 e 20 
MINE oiassibagaatno xu (eund pd E rss E et 4 4 e en 1 9 
No. lobes involved ........................ 2-3 3 3 2 2 2 2-3 
Bronchial wall thickening, peribronchial 
shadowing, perihilar linearity .......... 60 18 21 3 4 1 107 
NOUIS Lioexsia eeiam car ra p Pai 26 11 7 5 49 
auk sli erar aA pekiaende 41 8 12 in 61 
Hilar adenopathy ......................... 1 she 3 4 


Pleural efffusion .......................... 


Bronchial wall thickening, peribronchial shadowing, and pe- 
rihilar linearity. Parallel line water density shadows in the middle 
third of the lung fields, probably involving the bronchi distal to 
the second or third order. When the bronchi and peribronchial 
changes were gross, there were often associated perihilar 
Streaky linear shadows of water density extending toward the 
periphery. 

Nodules. Small rounded shadows 1-2 mm in diameter with 
poorly defined margins. 

Air trapping. Pulmonary overinflation suggested by visualiza- 
tion of six anterior ribs or more above the diaphragm on 
posteroanterior projections, flattening of the diaphragm, and 
an increased retrosternal space. 

The number of lobes that contained pulmonary abnormalities 
were counted. In addition, pleural effusion, abnormal heart 
size, and hilar adenopathy were noted. 


Results 
Respiratory Syncytial Virus 


The usual duration of respiratory syncytial viral infec- 
tion from its inception was about 2-2'/2 weeks in the 
patients analyzed. The dominant radiologic findings 
were bronchial wall thickening, peribronchial shadow- 
ing, and perihilar linearity present in 60 cases (table 1; 
fig. 1). Patchy pulmonary shadowing, which was equated 
with sublobular or lobular consolidation, was seen in 39 
cases, while coalescent rather more homogeneous pul- 
monary shadowing was present in only 10 cases. It was 
common to have multiple areas of lung involved in the 
disease process, and on the average two to three pul- 
monary lobes were affected to some degree. Poorly 
defined pulmonary nodules were present in 26 cases, 
but they were unimpressive and in fact were often better 
seen in the later stages and early convalescent phase of 
the illness. Pulmonary air trapping was especially prom- 
inent, occurring in 41 cases. 


Adenovirus 


The usual duration of adenoviral infection varied from 
2 weeks to 3 months. One death occurred in a patient 
who had an associated myocarditis. The dominant find- 
ings again were bronchial wall thickening, peribronchial 





Fig. 1.—Typical acute respiratory syncytial viral pneumonia. Note 
pulmonary overinflation, patchy but widespread bronchopneumonia, 
bronchial wall thickening, and peribronchial shadowing. 


shadowing, and perihilar linearity which were present in 
all 18 cases to a moderate or marked degree (table 1: 
figs. 2 and 3). Patchy pulmonary shadowing of moderate 
severity was present in 10 cases and coalescent more 
homogeneous pulmonary shadowing was present in four 
cases. More extensive mixed pulmonary shadowing was 
present in four cases. The consolidation was generally 
more extensive than with respiratory syncytial virus, but 
as with respiratory syncytial virus, it was usual for two to 
three lobes to present pulmonary abnormalities. Small 
poorly defined pulmonary nodules were present in 11 
cases but were not a striking feature. Radiologic evi- 
dence of air trapping was present in eight cases. 


Parainfluenza 


The usual duration of parainfluenza infection or its 
complications, frequently secondary bacterial pneu- 
monia, was 2'/2 weeks to 3 months. Again, widespread 
bronchial wall thickening, peribronchial shadowing, and 
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perihilar linearity were the most frequent findings, occur- 
ring in 21 of 26 patients (fig. 4). Patchy pulmonary 
shadowing was present in 14 cases. As with adenovirus 
and respiratory syncytial virus, radiologic abnormalities 
were present on the average in two to three lobes. Hilar 
adenopathy was seen in three cases; it was not at all 
prominent in patients with the other respiratory viruses. 


Influenza, Measles, and Herpes Simplex 


In influenza and measles (table 1), patchy pulmonary 
consolidation was prominent as well as bronchial wall 
thickening, peribronchial shadowing, and perihilar lin- 
earity. In measles, small nodules (fig. 5) were seen in all 
five cases. The case of herpes was fatal. The chest 
radiograph demonstrated extensive pneumonia with 
widespread bronchial wall thickening and peribronchial 
consolidation (fig. 6) 


Sie a 





Fig. 2.—Adenoviral infection of lower respiratory tract. A, Admission 
film showing widespread patchy bronchopneumonia. Films 1 week (B) 
and 5 weeks (C) later showing slow resolution. 


Discussion 


The definitive diagnosis of a viral disease of the lower 
respiratory tract is not possible without isolation of the 
virus from that area in the absence of other etiologic 
agents. The patients analyzed in this series had clinical 
evidence of lower respiratory tract infection which 
prompted the virologic studies. Secondary bacterial in- 
fection undoubtedly complicated the primary viral pic- 
ture in some cases. However, patients with definite 
evidence of bacterial infection were excluded. Multiple 
lung puncture and culture would have been required to 
effectively exclude an associated bacterial infection in 
all cases. The underlying pathologic disease process In 
its gross and microscopic appearances is similar 
enough in adenovirus, respiratory syncytial virus, influ- 
enza, parainfluenza, measles, and herpes (8-10, 13-15] 
to be treated as one entity for the purposes of radiologic 
analysis [17]. 

The most striking radiologic findings in the cases stud- 
ied were bronchial wall thickening, peribronchial 
shadowing, and perihilar linearity, although the latter 
was less common. These changes were frequently gen- 
eralized. Patchy shadowing presumably reflecting 
disease at a lobular or sublobular level, was evident in 
72 of the 123 cases. Coalescent more homogeneous 
shadowing, which | equated with lobular or lobar dis- 
ease, occurred less frequently (only 20 cases). On the 
average, pulmonary changes were present in two or 
three lobes. Nodules were relatively common (49 cases) 
but were generally unimpressive. It is thought that they 
probably reflect small sublobular foci of inflammation. 
Air trapping was frequent (61 cases) and bronchial wall 
thickening, peribronchial shadowing, and perihilar linear 
streaking were observed in 107 cases. 

It was not possible to differentiate between individual 
viruses in any one case, but it is apparent from the 


32 OSBORNE 





Fig. 3.—Adenoviral infection of lower respiratory tract. A, Admission ma 
film showing widespread bronchial wall thickening, peribronchial cuff- WE l 
ing, patchy bronchopneumonia, and air trapping. Films 3 weeks (B) and i 
3'/2 months (C) later showing very slow resolution of disease process. 


analysis that respiratory syncytial viral infection is more 
often associated with a marked degree of air trapping 
than the other viruses. Adenovirus was in general asso- 
ciated with a more extensive and slowly resolving pul- 
monary disease than the other viruses studied, although 
this tendency is also shared, to a lesser degree, by the 
parainfluenza myxovirus. Small pulmonary nodules were 
relatively common in adenovirus and were seen in all 
five cases of measles. 

There is a striking absence of pleural effusion, pneu- 
mothorax, pneumatocoele, and lung abscess in the se- 
ries, and hilar adenopathy was seen in only four cases 
and was not marked. These are important signs in 
differentiating bacterial pneumonia, particularly staphy- 
loccal and tuberculous pneumonia where the signs are 
so common. Their presence should suggest the possibil- 
ity of an accompanying bacterial infection. While final 
differentiation between a viral, bacterial, or other pul- 
monary infection depends on pathologic examination 
and culture of involved tissue, the findings described 
here suggest that the radiologist should be able to 
suspect the presence of a viral infection of the lower 
respiratory tract. 
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Tantalum Tracheography in Upper Airway Obstruction: 
100 Experiences in Adults 


FREDERICK P. STITIK, DETLEF BARTELT,':? A. EVERETTE JAMES, JR., ° AND DONALD F. PROCTOR* 


A total of 100 tantalum cine laryngotracheograms were 
performed in adults with documented or suspected upper 
airway obstruction. With appropriate precautions, tantalum 
powder proved to be a safe material for delineating tracheal 
and laryngeal abnormalities. A cine recording to document 
tracheomalacia as well as a careful evaluation of the larynx 
are useful extensions of examination of patients with sus- 
pected upper airway obstruction. Tracheomalacia was found 
in 3596 of our series; 2996 showed laryngeal abnormalities. 
With modifications to correct for magnification, the tantalum 
tracheogram gives the surgeon the exact length of trachea to 
be resected. When tantalum becomes approved by the Food 
and Drug Administration, we expect that tantalum cine laryn- 
gotracheography will be the preferred means for study of 
upper airway obstruction. 


Tantalum powder has been used as an experimental 
contrast agent for studying the airways since 1968 [1]. 
Its value and advantages over conventional contrast 
agents in bronchography and tracheography have been 
documented [2-7]. Between April 1970 and June 1975, we 
performed 100 studies in adults with documented or 
suspected upper airway obstruction as part of a coordi- 
nated three-center evaluation of the material. The major- 
ity of the patients had complications following tracheal 
intubation and tracheostomy. Some were considered for 
surgical treatment. From this experience, we believe 
that tantalum is the best contrast material for evaluating 
upper airway obstruction. 


Technique 


The tantalum powder used is the commercially availa- 
ble 5 u fraction (Fansteel Corp., Baltimore, Md.). Since 
it will not support bacterial or fungal growth, sterilization 
is not required. Prior to clinical use, 2-3 ml of the 
powder is placed in the reservoir of a modified Devilbiss 
model 175 powder blower (Devilbiss, Somerset, Mass.). 
and dried by constant suction for 24 hr in a 250 ml 
desiccator containing anhydrous calcium sulfate. The 
next day, the powder blower is reassembled and dried 
in the desiccator for an additional 24 hr. Immediately 
before the study, the suction is discontinued, and the 
sealed desiccator is brought to the radiologic suite. The 
vacuum is not broken until the time of insufflation. 
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Approximately 0.4-0.8 ml of tantalum powder is used for 
each patient. 

The insufflating gas is compressed air delivered at a 
pressure of 0.56-0.70 kg/cm? (8-10 Ib/in*). Because of the 
danger of combustion, 100% oxygen should never be 
used. When studying patients who are receiving supple- 
mental oxygen, the oxygen is discontinued during the 20- 
30 sec of insufflation and restarted as soon as the insuffla- 
tion is completed. There is no hazard of explosion or com- 
bustion once the tantalum powder is deposited on the 
mucosal surface. The patient and the tantalum generator 
should be electrically grounded during the insufflation 
as an additional precaution. 

Pneumonia is an absolute contraindication to a tan- 
talum laryngotracheogram due to the possibility of ret- 
rograde movement of the tantalum particles with subse- 
quent permanent alveolar retention [8]. Prior to the 
study, each patient is evaluated clinically and has a 
posteroanterior and lateral chest radiograph taken to 
exclude pneumonia. 

For at least 6 hr prior to the study, the patient should 
have nothing by mouth. The patient is questioned to 
determine any contraindications to atropine or topical 
anesthetic agents. Atropine is administered intrave- 
nously in 0.2-0.3 mg increments until the peripheral 
pulse reaches 120 or a maximum of 2 mg have been 
injected. The usual dose ranges from 1.0-1.5 mg deliv- 
ered slowly in 3-5 min. This thorough atropinization is 
necessary to completely dry the secretions and block 
potential vagal reactions to the catheter and the powder. 
Sedation is not used routinely, but when indicated, 50- 
100 mg of phenobarbital is given intramuscularly. Scout 
films in the posteroanterior, lateral, and both oblique 
projections are obtained. These radiographs include the 
larynx and trachea to the level of the carina. 

Following this routine preparation, the radiologic ex- 
amination is varied based on the patient's condition and 
expected lesions. Our current approaches are outlined 
below. 


Patients without Tracheostomy Tubes 


The type of catheter is selected after a review of the 
preliminary radiographs. When a moderate degree of 
tracheal obstruction is anticipated, a sterile no. 8 French 
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Fig. 1. — Measurement series. A and B, Posteroanterior and lateral spot radiographs with grey Kifa catheter in place. 2 mm metallic rings are 5 cm 
apart. C and D, Repeat posteroanterior and lateral spot radiographs after tantalum insufflation with patient and spot film device in same position. 
Trachea is short due to previous tracheal resection. Minimal granulation tissue is shown (arrow) at site of reanastomosis. Right true vocal cord is 
partially paralyzed. 


Grey Kifa catheter (United States Catheter and Instru- 
ments Corp., Glenn Falls, N.Y.) with 2 mm metallic rings 
spaced 5 cm apart is used to insufflate the tantalum. 
The metallic rings are placed on the catheter in the 
radiology department. When only minimal obstruction 
of the trachea is anticipated, a sterile Metras catheter 
(Rusch Inc., New York, N.Y.) is used. Both catheters are 
end hole catheters. No additional side holes are created. 

Cetacaine spray (Cetylite Industries, Pennsauken, N.J.) 
is applied in 2-3 sec bursts to the posterior pharynx and 
one nostril. Both of the piriform sinuses and the epiglot- 
tis are anesthetized by applying a cotton swab soaked 
with 4% Xylocaine. The trachea is anesthetized by instill- 
ing 1-2 ml of 4% Xylocaine during deep inspiration. 

We believe it is important to document the exact 
extent and location of the tracheal abnormality. In every 
patient we obtain a "measurement series." Under fluo- 
roscopic control (Siemens Orbiskop), the preselected 
catheter is placed into the trachea via the nasal tracheal 
approach and positioned above the carina. Posteroan- 
terior and lateral spot radiographs are obtained by rotat- 
ing the patient in the cradle and maintaining the spot 
film device in a fixed position, thus obtaining the first 
half of the measurement series (figs. 1A and 1B). Tan- 
talum is then insufflated through the same catheter into 
both main stem bronchi. The catheter is slowly with- 
drawn as the tracheal deposition is monitored fluoros- 
copically. When the catheter is raised above the vocal 


cords, a laryngogram is obtained by slight manipulations 
of the catheter. The catheter is removed, and the patient 
is rotated to the initial position where identical poster- 
oanterior and lateral spot radiographs are obtained, 
completing the second half of the measurement series 
(figs. 1C and 1D). The usual magnification is 1.4 in the 
posteroanterior projection and 1.6 in the lateral projec- 
tion. 

Next, a cine examination of the larynx is performed in 
deep inspiration, expiration, and phonation to evaluate 
vocal cord movement. Posteroanterior and both oblique 
spot radiographs are obtained with the spot film device 
moved as close to the patient as possible. Finally, a cine 
study of the trachea in the posteroanterior and lateral 
projections in deep inspiration, deep expiration, as well 
as deep inspiration and expiration against a closed 
glottis is recorded to detect tracheomalacia. Tracheo- 
malacia is a pathologic weakening of the tracheal wall 
due to destruction of the supporting cartilaginous rings. 

When a lesion is detected in the upper trachea, addi- 
tional films should be taken to give the surgeon its exact 
location in relation to external landmarks. A wire is 
placed in the suprasternal notch, and a small metal 
marker is placed over the previous tracheostomy tube 
scar. The radiographs are obtained supine with the head 
fully extended to simulate the patient's posture at sur- 
gery. Severe tracheomalacia can also be documented in 
this area by flexing and extending the neck (see fig. 6). 
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Patients with a Tracheostomy Tube 


Prior to the procedure, the tracheostomy tube is re- 
moved to determine the length of time the patient can 
tolerate its removal. Laryngeal and upper tracheal anes- 
thesia is performed as described above. The lower tra- 
chea is anesthetized through the tracheostomy tube. 
The trachea should be as free of secretions as possible. 
Excessive secretions will produce a poor quality study 
since the tantalum powder coats the mucus as well as 
the mucosa. Tracheal suction is frequently necessary in 
these patients. 

The preselected catheter is placed into the upper 
trachea through the nasal tracheal approach to obtain 
the baseline measurement series. The tracheostomy tube 
is then removed, and the catheter is advanced into the 
lower trachea. The tantalum insufflation, fluoroscopic 
spot radiographs, and cine studies are obtained as 
described above. The tracheostomy tube tract is usually 
coated completely during the tracheal insufflation. If the 
coating is incomplete, additional tantalum is insufflated 
through the stoma. The tracheostomy tube tract is in- 
cluded in the spot radiographs and cine examination. 
To detect possible tracheomalacia, the patient is asked 
to occlude the tracheostomy tube tract orifice with Vase- 
line gauze during the respiratory maneuvers. The trache- 
ostomy tube is replaced as soon as the patient becomes 
slightly dyspneic or at the completion of the cine record- 
ing. Radiographs are obtained to evaluate the tracheos- 
tomy tube position in relation to the tracheal obstruction 
(fig. 2). 

Patients who tolerate the tracheostomy tube removal 
for less than 2 min present a special problem. The metal 
tracheostomy tube is exchanged for a Silastic tracheos- 
tomy tube of a similar diameter. A small hole is cut in 
the superior surface of the Silastic tube. Through this 
opening a Grey Kifa catheter, shaped with a 90* curve, 
or a controllable catheter is directed superiorly to insuf- 
flate the upper trachea. The lower trachea is studied by 
insufflating the tantalum through the tracheostomy tube 
tract. The larynx is studied by the nasolaryngeal ap- 
proach. 


Postlaryngectomy Patients 


These patients are not required to fast prior to the 
procedure. Anesthesia is performed through the trache- 
ostomy. A Metras catheter is used for the measurement 
series and insufflation. 


Observations 


Our experience is based on 100 tantalum tracheo- 
grams in 77 patients. All repeat studies were performed 
as postoperative evaluations. No study was repeated 
because the initial one was unsatisfactory. Two patients 
with chronic granulation tissue formation at the site of 
tracheal reanastomosis have been studied on several 
occasions: one, eight times; the other, six times. 

For lesions that narrow the trachea (tracheal stenosis 
and tracheomalacia), the following grading system was 
used: minimal, up to 25% narrowing of tracheal diame- 





Fig. 2.— Radiograph 30 min after insufflation showing tracheostomy 
tube too short to bypass marked tracheal stenosis. Note early clearance 
from trachea as shown by linear mucociliary streaming of powder to pos- 
terior membrane and almost complete clearance from larynx. 


ter; moderate, 2596-5096 narrowing; and marked, over 
50% narrowing of tracheal diameter. The diameter of 
the tracheal lesion was compared to the adjacent normal 
trachea and judged in the frontal and lateral projections. 
Tracheal stenosis was graded on the spot radiographs 
done at the end of a quiet inspiration, while the cine 
examination in deep inspiration and deep expiration 
was used to grade tracheomalacia. If the narrowing was 
not circumferential, the lower grade was recorded. in 
instances of multiple lesions, each was graded and listed 
separately (fig. 3). 

The tracheogram was coded as normal in patients 
with a previous tracheostomy when the only finding was 
minimal granulation tissue at the anterior surface of the 
trachea. A study was not coded normal if there was 
associated laryngeal pathology. Using these definitions, 
our experience is listed in table 1. 


Etiology of Upper Airway Obstruction 


Most of our patients had tracheal abnormalities caused 
by endotracheal intubation or prolonged tracheostomy, 
usually with positive pressure respiration. In many cases 
it was difficult to establish whether the endotracheal 
tube or the tracheostomy tube was the cause of the 
tracheal stenosis; in such instances, both were recorded 
as probable etiologies. Surgery was also a common 
etiologic factor in this series. Nine of our patients were 
studied after a laryngectomy. Many patients were also 
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Fig. 3.—Multiple lesions. Upper arrow indicates minimal stenosis at 
site of previous tracheostomy. In lower trachea there is marked stenosis 
presumably due to balloon cuff of low-lying endotracheal tube. Injuries 
due to tip of endotracheal tube may also be found in this portion of 
trachea. Small ulcer (lower arrow) confirmed at surgery. 


referred to the Johns Hopkins Hospital after initial unsuc- 
cessful attempts to correct laryngeal and tracheal abnor- 
malities. The probable etiologies are presented in table 
2. 


Complications 


No serious or fatal reactions occurred in this series, 
but six patients had minor complications resulting from 
the procedure. Two patients studied early in our experi- 
ence have retained tantalum in the lung due to subopti- 
mal catheter positioning and insufflating pressures. Fol- 
low-up of 2 and 3 years, respectively, has shown no 
effects from this minimal retained tantalum. The third 
patient probably coughed tantalum-coated mucus into 











TABLE 1 
Experience with 100 Tantalum 
Laryngotracheograms 
Finding No. 
NOI esre sa baa demus 7 
Tracheal stenosis: 
J oe kak 17 
Moderate .................. 21 
FOTW sous ioiai 11 
Subtotal ........ eov wes 49 
Tracheomalacia: 
Minimal .... secos zi 16 
Moderate .................. 8 
MEINE ieocesee oor Beats 3 
OU Loos oce e ands 27 
Tracheal stenosis and 
tracheomalacia 17 
Laryngeal abnormalities ...... 22 
Granulation tissue ........... 7 
Other findings: 
boi e PEOR ace Suttle enc Sie Antone 3 
Dilatation .................. 3 
Papillomas ................ 2 
BIBKINO EEEE s prr 6 2 
FOND ec eade Ecos 1 
(cipe. ETEA EEE 3 
Subtotal ..... eoo: 12 


Note. — Data on 77 patients. 


TABLE 2 
Probable Causes of Tracheal Abnormalities 








Cause No. 





Tracheostomy tube ........... 34 
Endotracheal tube 


ii) re 


5 

4 

3 

6 Tg | ne 2 
Juvenile papillomatosis ..... 2 
Infection 2 
Radiation therapy .......... 1 
Mediastinal collagenosis ... 1 
Congenital 1 
21 


Subtoótül re 


Note.— Data on 77 patients. 


CSP E E ae a Bee oe, 6) ele aa 


the peripheral nonciliated airways. No effect has been 
demonstrated in a 6 month follow-up. 

Two patients had mucus plugs develop in their main 
stem bronchi the day after the tantalum tracheogram. 
Both of these responded to nasal tracheal suction. Pre- 
sumably the fasting prior to the contrast study, the 
atropine, and the tantalum increased the tracheobron- 
chial secretion viscosity. 

One patient developed a syncopal episode prior to 
tantalum insufflation after a prolonged fast, 1.4 mg of 
atropine, and administration of topical anesthesia. A 
repeat study 1 week later with less fasting and lower 
doses of atropine was performed without complications. 


-— — 
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Fig. 4.—Marked transglottic stenosis on left. Right true cord is 
hypertrophied and crosses midline with phonation (arrow). Tracheos- 
tomy tube was required because of resulting airway obstruction. 


Individual patients show a wide range of responses to 
premedications and topical anesthetics. Discomfort did 
not appear to be increased in this group of patients 
compared to patients undergoing Dionosil studies. 


Discussion 


When tantalum is approved by the Food and Drug 
Administration, tantalum cine laryngotracheography, in 
our opinion, will replace the three currently available 
methods of assessing patients with upper airway ob- 
struction: Dionosil tracheography, tomography, and 
bronchoscopy. 


lodinated Contrast Agents 


In patients with suspected tracheal stenosis, positive 
contrast studies with Dionosi! were often considered too 
hazardous to perform [9]. Conventional contrast agents 
may cause temporary obstruction of the airway during 
the procedure. These agents can produce inflammation 
of the airway mucosa [10]. Edematous changes in the 
tracheal mucosa can result in subsequent circumferen- 
tial narrowing several hours after the study. On the 
other hand, tantalum is a very radiodense, inert, non- 
toxic metal. Using appropriate precautions and pre- 
medications, tantalum powder can be insufflated into the 
trachea giving excellent mucosal detail without causing 
significant airway obstruction. Only a small volume (0.4- 
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Fig. 5.—Tantalum-coated trachea in normal human volunteer. Sub- 
ject inhaled tantalum powder through mouthpiece. 


0.8 ml) is necessary to coat the airways, and no irritation 
of the airway mucosa occurs during or after the proce- 
dure. The mucosal detail of the trachea in our illustra- 
tions is representative of our experience. 

Tantalum is cleared rapidly by the mucociliary blanket. 
Most of our patients had complete clearance from the 
trachea and the main stem bronchi within 24 hr. Unlike 
Dionosil, tantalum cannot be dislodged from the mu- 
cosal surface by coughing or vigorous respiratory ma- 
neuvers. 

Our experience agrees with others who have stated 
that tantalum is an excellent contrast agent for the 
larynx [11] and is superior to Dionosil for studying the 
glottic and subglottic areas [12]. Of the 22 patients with 
laryngeal abnormalities in this series, 10 had transglottic 
stenosis (fig. 4), 10 had vocal cord paralysis, and two 
had both. A markedly deformed larynx due to mediastinal 
collaginosis and a previous laryngeal injury, and juvenile 
papillomatosis with an anterior laryngeal web were well 
demonstrated by tantalum. Patients with carcinoma of 
the larynx are not included in this series. 

Dionosil is usually delivered by catheter techniques. 
In normal human volunteers we have performed good 
quality studies of the airways by the inhalation of tan- 
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Fig. 6. — Marked tracheomalacia. A, With neck extended, only minimal 


tracheal narrowing. B, With flexion, marked tracheomalacia with com- 


plete collapse of trachea. 


talum powder [13] (fig. 5). Since our initial 100 studies, 
we have applied this technique to selected patients in 
our clinical population. 


Tomography 


Tomography and xerotomography have the advantage 
over a positive contrast study since no pharmacologic 
agents are used. However, there are three major disad- 
vantages: detection of dynamic abnormalities such as 
tracheomalacia is difficult; measurements of fixed tra- 
cheal lesions cannot be made as accurately; and both 
tomography and xerotomography require relatively high 
radiation exposures. 


Bronchoscopy 


At bronchoscopy, the posterior membrane of the tra- 
chea frequently drifts into the view of the bronchoscop- 
ist. This normal mobility can occasionally be confused 
with tracheomalacia, and since the patient may be under 
general anesthesia, the mobility of the tracheal wall is 
less accurately judged than in a cine tracheogram of an 





Fig. 7.— Tracheomalacia and tracheal stenosis. A, Marked tracheal 
stenosis in lower portion of trachea. B, Matched cine frame in expiration 
showing moderate tracheomalacia above stenosis. 7 cm of trachea was 
subsequently resected. 


alert, awake patient. The exact length and location of a 
fixed tracheal lesion is also more accurately delineated 
by a tantalum laryngotracheogram than by bronchos- 


COpy. 


General Considerations 


Tracheomalacia is a well recognized complication of 
intubation. In this series, 35% had radiologic evidence 
of it. The overexpanded balloon cuff causes a pressure 
necrosis of the tracheal wall with subsequent destruction 
of the cartilaginous rings. We believe that this focal area 
of weakened trachea is as aerodynamically significant 
as a fixed tracheal stenosis. It must be distinguished 
from the mobility (1-2 mm) of the lateral and anterior 
walls in patients with chronic obstructive pulmonary 
disease and the movement of the posterior membranous 
portion of the trachea in the normal individual. 

Severe areas of tracheomalacia can be recognized by 
spot filming in inspiration and expiration, or, if located 
in the upper trachea, by flexing and extending the neck 
(fig. 6). A cine examination is very useful for recognizing 
moderate and minimal degrees of tracheomalacia inas- 
much as spot radiographs may not give the true extent 
of disease as well as the cine record of many respiratory 
cycles (fig. 7). Coughing was not used to diagnose 
tracheomalacia, since the trachea may collapse 5096 or 
more [14, 15] due to chronic obstructive pulmonary 
disease. 
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Vocal cord or other laryngeal abnormalities occurred 
in 2996 of our patients. The larynx is frequently over- 
looked as a cause of airway obstruction and should be 
carefully studied in all of these patients. Typically, a 
patient will have 2-3 days of endotracheal tube intuba- 
tion and then 2-3 weeks of assisted respiration through 
a tracheostomy tube. When the patient subsequently 
develops respiratory distress with removal of the trache- 
ostomy tube, the previous endotracheal intubation and 
possible damage to the glottis is often forgotten. We 
film the larynx before the trachea since it clears the 
tantalum powder more rapidly than the trachea. 

Resection of the stenotic or malacic segment of tra- 
chea is the surgical procedure of choice for treatment of 
these lesions. The exact length, location, and degree of 
tracheal obstruction is important to the surgeon who 
has the option of freeing the treachea either at the 
larynx, or, if more length is needed for reanastomosis, 
entering the mediastinum and freeing the lower trachea 
and main stem bronchi. Estimates made during the 
tantalum cine laryngotracheogram using the measure- 
ment series have proved exceptionally accurate when 
compared to the specimen obtained at surgery. 
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pH-Tested Reflux without Hiatus Hernia 


ANN M. LEWICKI,! JOHN R. BROOKS? MICHAEL MEGUID,* ALEJANDRO MEMBRENO ? AND DARIUSH KIA? 


Gastroesophageal reflux was tested for with a pH telemetry 
capsule. In 29 individuals in whom no hiatus hernia was 
demonstrated on barium esophagram, the transverse diame- 
ter of the intrahiatal esophagus was compared to that of the 
intrathoracic. When the width of the intrahiatal esophagus 
was two-thirds or less that of the intrathoracic, pH-proven 
reflux was an infrequent event. When wider, reflux occurred 
with high frequency. 


The present study with the Corning pH telemetry capsule 
was initiated with the primary aim of developing a more 
sensitive method for detecting gastroesophageal reflux. 
As pH data were correlated with simultaneously obtained 
radiographs, radiographic signs were identified which 
seemed to make it possible to predict from the appear- 
ance of the esophagogastric junction whether reflux 
would occur. The present report addresses itself to the 
following question: can the occurrence of reflux be 
correlated to the diameter of the intrahiatal esophageal 
diameter in individuals without an obvious hiatus hernia? 


Materials and Methods 


The Corning pH radiocapsule was used for pH testing. The 
physical characteristics of this capsule have been described in 
detail by Kunz et al. [1]. We modified the capsule by replacing 
the original string attachment with a radiopaque catheter (fig. 
1). This modification makes the capsule more maneuverable so 
that it can be positioned at precise points with ease. In addition, 
this catheter attachment makes it possible to instill solutions at 
desired locations. 

All patients and subjects were examined in a fasting state. 
The pH determinations were obtained with the radiocapsule in 
the esophagus, at the esophagogastric junction, and in the 
stomach. After instilling 240 ml of 0.1 N hydrochloric acid into 
the stomach, the radiocapsule was placed 5 cm above the level 
of the diaphragm for reflux testing. The reflux maneuvers 
consisted of turning the patient alternately into the right and 
left lateral decubitus position. In addition, reflux was tested for 
by changing the patient from a supine into a prone position 
and by placing him on a bolster. The position of the capsule 
was repeatedly checked fl'ioroscopically and selectively docu- 
mented on 70 mm spot films. These films were correlated with 
the pH graph printout. After removal of the capsule, a barium 
esophagram was obtained with the patient prone on a bolster 
drinking repeatedly. The esophagram was recorded on multiple 
film exposures, usually a 70 mm spot film sequence. These 
were exposed serially at a frequency of 2-4 frames/sec to 
permit assessment of maximum diameters. The examination 
technique, in particular the details of the various pH profiles, 
are described in detail in a separate report [2]. 
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The individuals studied included normal young males, symp- 
tomatic patients with or without known hiatus hernia, and 
postherinorrhaphy patients who were symptomatic or asympto- 
matic with or without recurrent hernias. For the purpose of this 
analysis, we used only patients and subjects who demonstrated 
no hiatus hernia as judged by the usual criteria (distinct rugae 
in a supradiaphragmatic pouch, lower esophageal rings) on 
barium esophagrams. Of 46 individuals studied, 29 met these 
radiographic criteria. 

The transverse diameter of the esophagus was measured at 
two points on the barium esophagram. The first measurement 
was the widest transverse esophageal diameter above the dia- 
phragm. This was compared to the maximally distended trans- 
verse diameter in the hiatus (fig. 2). These measurements were 
then expressed as a ratio (percentage) where the lower segment 
was used as the reference point (denominator). A percentage 
ratio of 150 was used as the dividing point between the reflux 
and nonreflux group. Such a ratio of 150 could, for instance, 
be obtained in an individual whose intrathoracic esophageal 
diameter measured 15 mm and the segment traversing the 
hiatus, 10 mm. Obviously, other numerical combinations could 
produce this same ratio. A percentage ratio of 150, regardless 
of the actual numerical values involved, means that the intrahia- 
tal segment measures 67% (*/3) of the width of the intrathoracic 
esophagus. 

The percentage ratios of the reflux and nonreflux groups 
were subjected to x? analysis. 


Results 


In figure 3, percentage esophageal ratios are plotted 
against the number of cases. The x? value (6.29) indicates 
that a significant association exists between esophageal 
diameter ratio and the presence of reflux. This then 
means that the likelihood of reflux is high if the segment 
traversing the hiatus distends to 67% or more (7/3 or 
more) of the width of the intrathoracic esophagus. By 
contrast, the intrahiatal esophagus was 67% or less (*/s 
or less) than that of the intrathoracic segment in the 
majority of the nonreflux group. 

Overlap cases are represented in the area of the 
histogram which is both shaded and lined. They occur 
primarily at the dividing point value. Three of 10 cases 
with reflux had ratios in excess of 150; three of 19 cases 
without reflux had ratios below 150. 


Discussion 


It is now generally accepted that demonstration of a 
hiatus hernia radiographically does not necessarily indi- 
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cate a significant clinical finding. Its presence cannot be 
used to explain away a patient's gastrointestinal com- 
plaints. Prevalence figures for the overall coincidence of 
hiatus hernia vary but may be as high as 26.6% (ranging 
from 9% for those under 40 to 69% for those over 70 
years of age) [3]. 

It is also accepted that the size of gastric herniation 
bears little direct relationship to symptomatology of 
reflux. In fact larger hiatus hernias are usually asympto- 
matic, whereas patients with small hiatus hernias may 





Fig. 1.— Corning pH telemetry capsule in place in distal esophagus. 


be severely incapacitated by reflux symptoms [4]. As the 
hernial sac decreases in size, it becomes progressively 
more difficult to distinguish a small hernia from a nor- 
mally wider distal esophagus. 

In these equivocal cases, Wolf [4] has emphasized 
that attention should be focused upon the diameter of 
the intraabdominal esophagus and the extent to which it 
distends from a traversing swallowed bolus. According 
to him, the diameter of the abdominal esophagus is a 
direct reflection of the integrity of the phrenicoesopha- 
geal membrane. Thus a dilated intraabdominal esopha- 
gus is caused by loss of elasticity or destruction of this 
supporting membrane. He has observed gastroesopha- 
geal reflux of barium under these circumstances and 
considers this the first stage in the development of a 
hiatus hernia. 
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Fig. 3.—Histogram of esophageal diameter ratios and pH-tested gas- 


troesophageal reflux. Of 29 individuals, 10 had reflux and 19 did not. 





Fig. 2.— Serial films of barium esophagram in individual with esophageal diameter ratio of 150. Diameters were measured when intrahiatal 


segment was maximally distended (frame with arrows). Intrahiatal eso 


ratio is 150 (12/8). 


phagus measures 8 mm and intrathoracic, 12 mm; thus percentage 
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That the segment traversing the hiatus is an intraab- 
dominal esophagus is by no means a generally accepted 
concept. In a study by Clark et al. [5] in which manomet- 
ric data and radiographic findings were correlated, it 
was shown that when the lower esophageal sphincter is 
relaxed (open), the esophagogastric mucosal junction is 
transiently displaced into the chest. This could then 
mean that the intrahiatal diameter that we measured 
actually represents stomach. Whether the intrahiatal 
diameter represents intraabdominal esophagus or nor- 
mally herniated stomach, our data indicate that its width 
can be used to predict whether reflux will occur. In fact 
we were able to quantitatively correlate the two diame- 
ters and to arrive at values where the occurrence of pH 
tested reflux can be predicted with clinically useful 
accuracy. 

A drawback of our study is the unavailability of con- 
comitant manometry data. As Cohen and Harris [6] have 
demonstrated, lower esophageal sphincter pressure is 
another major determinant of whether reflux and symp- 
tomatology will occur. Thus the confounding influence 
of the sphincter pressure may in fact mask even more 
significant diameter differences between the reflux and 
nonreflux cases. Our cases probably represent a hetero- 
geneous group in whom some individuals with normal 
sphincters can tolerate considerable loss in elasticity of 
the phrenicoesophageal membrane (with widening of 
the intrahiatal esophagus) without developing reflux, 
while others with low sphincter pressures have reflux 
with minimal elasticity loss of the phrenicoesophageal 
membrane. 

In recent years surgical therapy for symptomatic hiatus 
hernia has focused upon techniques which attempt to 


recreate an intraabdominal esophagus [7]. This ap- 
proach seems reasonable since no therapy is available 
at present to correct a weakened esophageal sphincter. 
Thus further studies which correlate manometry data 
with the presence of pH-tested reflux to the radiographic 
appearance of the lower esophagus seem appropriate. 
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Gastroesophageal Reflux in Infants and Children: A Useful Classification 
and Reliable Physiologic Technique for Its Demonstration 


ROY G. K. McCAULEY,' DONALD B. DARLING, JOHN C. LEONIDAS, AND ALAN M. SCHWARTZ 


A radiologic method for the demonstration of gastroesopha- 
geal reflux in children is described, and, while recognizing 
limitations and pitfalls of any classification, a clinically useful 
system of grading of reflux is presented. The system is based 
primarily on the extent of retrograde flow of barium, ranging 
from reflux into the distal esophagus only (grade 1) to reflux 
with aspiration into the trachea or lungs (grade 5). The availa- 
bility of a standardized radiologic technique for the demon- 
stration of gastroesophageal reflux and a system for grading 
its severity may be useful in understanding the true incidence 
and significance of this disorder. 


Introduction 


Gastroesophageal reflux and hiatal hernia in infants and 
children have been recognized clinically and radiolog- 
ically for many years [1, 2]. The principal symptoms 
related to this complex are due to gastroesophageal 
reflux [3]. The condition is becoming increasingly ac- 
cepted as a significant cause of such symptoms as 
vomiting, failure to thrive, respiratory disease, dys- 
phagia, and neurological signs [4-9]. In most cases the 
condition tends to be self-limited but resolves more 
quickly when treated. However, serious complications 
such as aspiration pneumonia or esophageal stricture 
may occasionally develop. In our experience there also 
seems to be an association between gastroesophageal 
reflux/hiatal hernia and apneic/cyanotic spells in some 
infants. 

A radiologic technique of demonstrating a hiatal her- 
nia in infants and children has been reported [10]. 
However, gastroesophageal reflux may occur in the 
absence of a demonstrable hiatus hernia [11]. We report 
a technique for demonstration of gastroesophageal re- 
flux in infants and children developed at the Boston 
Floating Hospital. 


Subjects and Methods 


From April 1973 through June 1975, 507 patients had barium 
studies of the esophagus and stomach on one or more occa- 
sions. When gastroesophageal reflux was present, it was de- 
scribed on the basis of frequency, constancy, and extent; the 
diagnosis of hiatal hernia was made based on presence of one 
or more of the radiographic signs described previously [10]. 


Classification of reflux 


In order to classify gastroesophageal reflux in a way that 
could be related both to the initial symptoms and significant 
progression or improvement found in follow-up studies, a sys- 
tem of grading was devised based primarily on the extent of 
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retrograde flow of barium. The grades were as follows (fig. 1): 

1 = reflux into distal esophagus only. 

2 — reflux extending above carina but not into cervical 
esophagus. 

3 — reflux into cervical esophagus. 

4 — free persistent reflux into cervical esophagus with a 
widely patent cardia (chalasia). 

5 — reflux of barium with aspiration into the trachea or lungs. 

D = delayed reflux; barium seen in esophagus on delayed 
films. 

After analysis of our material, we have found it practical and 
clinically useful to condense the grades into two categories: 
minor reflux (grades 1 and 2), and major reflux (grades 3-5). 
Delayed reflux which usually appears as minor reflux may on 
occasion be major in extent. 


Radiologic Method 


The radiologic method used for showing reflux is designed 
to be as physiologic as possible. For infants, food and fluids 
are restricted for 3-4 hr prior to examination; older children 
fast all night. Small vigorous infants are usually restrained 
using a stockinette cuff to immobilize the arms above the head. 
A similar cuff or elastic bandage is used to immobilize the legs. 
A nurse or technologist remains at the head of the table in 
order to feed and help position the child. The barium mixture is 
given by bottle or from a cup using a drinking straw. If the 
patient will not or cannot feed in this manner, a soft rubber 
nasogastric tube is used to introduce barium into the stomach 
and is then removed. The volume of barium used should be 
similar to a normal feeding for that infant. Infants offered as 
much fluid as they will take at home are treated similarly in the 
x-ray department. Colloidal barium sulphate (100 g in 200 ml 
water) is used. 

Initially, the patient lies in the right lateral position, and the 
swallowing mechanism is briefly evaluated with spot films taken 
if necessary (fig. 2). The contour and peristalsis of the barium- 
filled esophagus is viewed in the lateral and supine positions. 
Routine fluoroscopy and spot films of the stomach and duo- 
denum are carried out with partial distention of the stomach. At 
this point, the baby is picked up by the nurse and fed the rest 
of the barium, after which he is ‘‘burped”’ and returned to the 
table. Using intermittent fluoroscopy and small fields, the gas- 
troesophageal junction is carefully examined while turning the 
baby gently from side to side in a supine position (fig. 3) or 
occasionally rolling him 360°. Reflux, if present, will be seen in 
the majority of cases at this time. The maximum extent of 
reflux is recorded on spot films. If reflux is not seen within 2-3 
min of intermittent fluoroscopy, a rubber nipple or pacifier 
moistened in water is given to the infant to suck on to produce 
swallowing movements and waves of esophageal peristalsis. 
This maneuver will often demonstrate gastroesophageal reflux. 
If reflux cannot be demonstrated, then a hiatal hernia is looked 
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for by giving spoonfuls of thickened barium by mouth (75 g 
barium sulphate in 25 ml water). Thickened barium will coat 
the mucosal folds of the gastroesophageal region and make a 
hiatal hernia visible. The positioning for this part of the exami- 


Fig. 1.—Grading system: 7 = re- 
flux into distal esophagus only; 2 = 
reflux above carina but not into cer- 
vical esophagus; 3 - reflux into cer- 
vical esophagus; 4 — free persistent 
reflux into cervical esophagus with 
widely patent cardia (chalasia); 5 — 
reflux of barium with aspiration into 
trachea or lung. D — delayed reflux. 
Reflux seen on delayed films may 
be any grade. 
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nation may be in the supine or prone oblique positions. Spot 
films of this area are taken to be reviewed later. 

Before concluding fluoroscopy, it is important to clear the 
esophagus of barium. If some is present, a little water is given 


—- 
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Fig. 2.—Aspiration of barium into trachea at time of swallowing. Care 
must be taken to distinguish this type of aspiration from that associated 
with reflux or H-type tracheoesophageal fistula. 


to wash it into the stomach. The baby is then returned to his 
crib or mother to be held erect or to sit in an upright position 
for 30 min. A delayed film is then taken in the supine position 
and should include the area of the lower half of the esophagus 
(fig. 1). 


Results 


The overall incidence of gastroesophageal reflux in 
the 507 patients was 40%. Among infants less than 3 
months of age, the incidence was 64%. Most patients 
with reflux (70%) were under 1 year of age. Detailed 
description of the clinical significance of gastroesopha- 
geal reflux and hiatus hernia will be reported in a 
separate communication. 

Analysis of our material has shown a strong statistical 
correlation between the presence of major reflux and 
pulmonary disease [12]. Similarly, of 47 fundoplications 
done for gastroesophageal reflux at the Boston Floating 
Hospital between 1974 and 1977, 40 (85%) had major 
reflux. Most of these operations were performed only 
after a trial of medical therapy had failed to control 
symptoms. 


Discussion 


The incidence of gastroesophageal reflux and hiatus 
hernia varies greatly among institutions [13]. For exam- 
ple, at one major pediatric center, only three of 20 





Fig. 3.—Techniques for demonstration of reflux. A, Supine position 
Cardia (arrow) is well below level of barium in stomach. B, Prone 
position. Cardia (arrow) is at level of barium surface. Tendency to reflux 
barium or gastric fluid is probably much less in this position than in 
supine position. 


patients (1596) who required surgery for symptoms attrib- 
uted to gastroesophageal reflux were shown to have 
reflux radiologically [14]. This contrasts with another 
series [11] where 46 of 55 children (86%) treated surgi- 
cally for gastroesophageal reflux had radiological evi- 
dence of reflux. All of our cases requiring fundoplication 
had radiologically demonstrable reflux. 

There are several possible reasons for the variation in 
incidence. Geographic or regional differences seem an 
unlikely explanation since the groups reporting relatively 
high incidence of reflux and hernia are scattered across 
the country (e.g., Boston, Washington, Salt Lake City, 
Los Angeles, and Toronto). Failure by radiologists to 
look specifically for reflux and hernia is a possibility. 
This is clearly suggested by a series of 217 cases of 
hypertrophic pyloric stenosis studied over a 10 year 
period [15]. Associated gastroesophageal reflux was 
found five times as frequently in the second 5 years of 
this study compared to the first 5 years. These authors 
concluded that “the presence of esophageal reflux was 
directly related to the diligence of the search." Differ- 
ence in radiologic techniques is certainly a factor. De- 
spite increased awareness of the significance of gastroe- 
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sophageal reflux and hiatus hernia, it is evidently not 
diagnosed as frequently in some areas as in others. 

The size of the hole in the nipple used for feeding is 
important. We use a premature crosscut nipple which 
usually allows the infant to feed comfortably; if neces- 
sary, the opening can be enlarged by increasing the 
crosscuts with a scalpel blade. When evaluating the 
swallowing mechanism, attention should be paid to any 
abnormal regurgitation of barium back over the soft 
palate into the nose or aspiration into the larynx or 
trachea; this is probably a sign of neuromuscular incoor- 
dination and may represent the cause of at least part of 
the patient's symptoms (fig. 2). 

Swallowing is an often-repeated normal physiologic 
function. We believe that most reflux occurs at the time 
of swallowing, so the examination may be shortened by 
increasing the frequency of swallowing. Since in a baby, 
swallowing occurs regularly and spontaneously or dur- 
ing sucking, the use of a nipple or pacifier to induce 
such dry swallowing is considered an acceptable method 
of increasing the number of swallows during the radio- 
logic examination. 

The act of swallowing initiates a primary peristaltic 
wave which starts in the proximal esophagus and strips 
barium down into the stomach [16, 17]. A secondary 
wave then commences at the level of the aortic arch and 
strips residual barium into the stomach. Disordered or 
weak contractions and increased length of time for 
barium clearance are signs of esophageal abnormality 
and are often associated with reflux [18]. Evidence of 
esophagitis or stricture is sought. During the evaluation 
of the stomach and duodenum, particular care should 
be taken to show those obstructive lesions which are 
often associated with gastroesophageal reflux. 

Manual compression and Trendelenberg position are 
never used in our examination for reflux since they are 
not physiologic. Also, it has been shown that such 
pressure will increase tone in the inferior esophageal 
sphincter [19]. Manual palpation is not routinely used 
for showing hiatal hernias, though some experienced 
radiologists use this technique to temporarily force a 
small beak of stomach through the diaphragmatic hiatus 
[20]. 

The 30 min delayed film has been useful as an indicator 
of gastroesophageal reflux (fig. 1F). If barium is noted in 
the esophagus on this film, it can be assumed that 
reflux occurred after the termination of fluoroscopy at 
which time it was ascertained that the esophagus was 
clear of barium. 

Crying is associated with intermittently increased neg- 
ative intrathoracic pressure. In our experience crying is 
not helpful in inducing reflux but, if grade 4 reflux is 
present, remarkable surging of barium up and down the 
esophagus may be seen during inspiration and expira- 
tion. 

In conclusion, it is hoped that the standardized tech- 
nique described for demonstrating gastroesophageal 
reflux and the system of grading its severity will be 
useful in understanding the true incidence and signifi- 
cance of this disorder. 
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Lymphoid Follicular Pattern: A Normal Feature of the Pediatric Colon 


IGOR LAUFER' AND DEREK deSA* 


Tiny nodular filling defects up to 2 mm in diameter were 
seen in 12 of 27 patients under the age of 15 years undergoing 
double contrast enema. The pattern was particularly common 
in children under 5 years in whom a good quality double 
contrast study was obtained. While this pattern has been 
termed lymphoid hyperplasia, we believe it represents a 
normal lymphoid follicular pattern in the pediatric colon. The 
term lymphoid hyperplasia should be reserved for cases in 
which the lymphoid follicles are greater than 2 mm in diame- 
ter; this will usually represent an abnormal condition in re- 
sponse to infection, allergy, or immunologic disorders. The 
differential diagnosis of the lymphoid follicular pattern and 
lymphoid hyperplasia is briefly discussed. 


Introduction 


In 1926 Dukes and Bussey [1] described the normal 
distribution of lymphoid follicles in the human large 
intestine. They found that the mean number of follicles 
was 3.5/cm? and that there were distinctly more in 
children. They considered this to be a normal feature of 
the human large intestine. The radiographic features of 
the entity which has been called lymphoid hyperplasia 
of the colon correspond very closely to this anatomic 
description of normal lymphoid follicles. Capitanio and 
Kirkpatrick [2] considered lymphoid hyperplasia to be a 
pathologic condition which probably represented a re- 
sponse to a variety of stimuli, including infection or 
allergy. However, they concluded that the clinical signif- 
icance of this condition was not established. Franken 
[3] found this appearance in 17 of 29 children undergo- 
ing double contrast studies of the colon, and he con- 
cluded that this was probably a normal feature of the 
pediatric colon. 

Our experience with the double contrast enema in 
children has likewise convinced us that what has been 
called lymphoid hyperplasia in the past simply represents 
the normal lymphoid follicular pattern in the pediatric 
colon. We have therefore reviewed our pediatric experi- 
ence in order to determine whether there is any correla- 
tion between clinical symptoms and lymphoid hyperpla- 
sia, and to further define its radiographic appearance. 


Subjects and Methods 


All double contrast enema studies performed on patients 
under the age of 15 years over the past 3 years were reviewed. 
This examination is performed routinely on all patients referred 
for radiologic study of the colon beyond the neonatal period. 
Patients with suspected Hirschsprung’s disease, colon obstruc- 
tion, or perforation were excluded. Only one double contrast 
examination in a patient with diffuse mucosal disease due to 
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ulcerative colitis was excluded, since the normal mucosal detail 
would be obscured by the pathologic process. All double 
contrast studies were considered of diagnostic quality, although 
mucosal coating was not optimal in some cases. 

The double contrast study in older children is performed as 
for adults [4] except that radiation exposure is decreased by 
minimizing fluoroscopy and limiting the number of radiographs 
In younger children, a large bore Foley catheter with a 30 ml 
bag is used, and the high density barium suspension (50% wt/ 
vol) is introduced by syringe to the splenic flexure. This is 
followed immediately by air insufflation with rotation to coat 
and distend the entire colon. 

The symptoms which necessitated the study were tabulated. 
The radiographs were evaluated by one of us (|. Laufer) for the 
presence of characteristic features of lymphoid hyperplasia, 
that is, tiny filling defects up to 3 mm in diameter with or 





Fig. 1.—Normal lymphoid follicular pattern. Descending colon has 
numerous tiny filling defects up to 3 mm in diameter due to normal 
lymphoid follicles. There are about 4 follicles/cm* in this segment. 
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without umbilication (fig. 1). In some patients this pattern was 
seen in only one part of the colon, usually the rectum or left 
colon, while in others it was more diffuse. None of the patients 
had more than one double contrast enema. Additional follow- 
up studies on these patients were not available. 


Results 


Over the past 3 years, a double contrast enema was 
performed on 27 patients under the age of 15 years. In 


TABLE 1 
Symptoms and Age Distribution 














Lymphoid 














No Lymphoid 
Hyperplasia Hyperplasia 
Age (years): 
Lessthan5....... 7 7 
od | a ar T 5 8 
WORN Lose: 12 15 
Symptom: 
Diarrhea ......... 7 3 
Rectal bleeding ... 6 2 
PRÉ voor RE beu: 2 6 
Oë, Lioseeseusax) 0 4 


Note. — Some patients had more than one symptom. 








12 of the 27 patients the tiny filling defects of lymphoid 
hyperplasia could be seen. There was no problem in 
differentiation from other conditions since in this age 
group, we had no patients with familial polyposis, path- 
ologic lymphoid hyperplasia, or lymphoid hyperplasia 
due to Crohn's disease. 

The age distribution of patients with and without 
lymphoid hyperplasia is shown in table 1. Of the 14 
children under the age of 5 years, lymphoid hyperplasia 
was demonstrated in seven. In five of the seven patients 
without lymphoid hyperplasia, the double contrast 
enema was of suboptimal quality because of poor mu- 
cosal coating or inadequate colonic cleansing. Thus the 
condition was demonstrated in seven of the nine patients 
under the age of 5 in whom a good double contrast 
study was achieved. Lymphoid hyperplasia was not dem- 
onstrated in eight of 13 children older than 5 years. The 
radiologic study was of poor quality in only one of these 
patients. A lesion other than lymphoid hyperplasia was 
found in only one patient, an 8-year-old girl with juvenile 
colonic polyposis (fig. 2). The tiny filling defects due to 
lymphoid hyperplasia were easily differentiated from the 
larger pedunculated filling defects caused by juvenile 


polyps. 





Fig. 2.— Lymphoid follicular pattern in patient with juvenile colonic polyposis. A, Descending colon has large pedunculated filling defects due to 
juvenile polyps. Intervening mucosa is studded with tiny filling defects due to lymphoid follicles. B, Photomicrograph shows elevation of mucosa due 


to mucosal lymph follicle (arrow). 
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The major presenting symptoms for the two groups 
are also shown in table 1. Some patients had more than 
one symptom. Ten of 12 patients with diarrhea and/or 
rectal bleeding had lymphoid hyperplasia. However, five 
of 15 patients in whom the condition was not demon- 
strated had the same symptoms. 





Fig. 3. —Lymphoid follicular pattern in elderly man with abdominal 
pain due to abdominal aortic aneurysm. Mucosal surface is studded 
with tiny nodular filling defects. No symptoms were attributable to colon. 
Physical examination and laboratory studies showed only evidence of 
arteriosclerotic cardiovascular disease and abdominal aortic aneurysm. 


Fig. 4. —Lymphoid hyperplasia of 
colon in patient with hypogamma- 
globulinemia. Autopsy specimen of 
colon has relatively large submu- 
cosal nodules due to enlarged 
lymph follicles. 
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From both groups of patients, only the girl with juve- 
nile polyposis (fig. 2) underwent subsequent hospitali- 
zation. Subtotal colectomy was performed because of 
chronic malnutrition and failure to thrive. Pathologic 
study showed juvenile polyposis with lymph follicles 
scattered in the mucosa (fig. 2B) and submucosa. The 
number, distribution, and size of lymph follicles was not 
considered abnormal. 

In all other patients, the final radiologic diagnosis was 
"normal colon with lymphoid hyperplasia, a normal fea- 
ture in this age group." None of these 26 patients 
received additional radiologic study or hospitalization. 
Some were examined by sigmoidoscopy in private of- 
fices. In general, these lymphoid follicles cannot be 
seen at endoscopy without staining of the mucosa (either 
by melanin or dye) to accentuate slight surface eleva- 
tions. To our knowledge, no other abnormalities were 
found in the initial evaluation of these patients, although 
long term follow-up is not available. 


Discussion 


The radiologic demonstration of lymphoid hyperplasia 
generally requires a clean colon and double contrast 
technique. Such studies are only performed in children 
with symptoms suggestive of colonic disease. It is there- 
fore not surprising that a wide variety of symptoms have 
been attributed to lymphoid hyperplasia. However, Fran- 
ken [3] found no difference in symptoms between pa- 
tients with or without demonstrated lymphoid hyperpla- 
sia. He concluded that the hyperplasia was a normal 
appearance which could be seen with technically excel- 
lent double contrast studies in children. In our series, 
lymphoid hyperplasia was not seen in 15 of the 27 
patients under the age of 15. However, in six of these 
studies, there was poor mucosal coating, usually be- 
cause of poor colonic preparation. Lymphoid hyperpla- 
Sia was seen in 50% of children under the age of 5 and 
in 78% of studies with excellent mucosal coating in this 
group. 

Diarrhea and rectal bleeding were more common in 
the patients with lymphoid hyperplasia. However, this 
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Fig. 5.—Two cases of familial polyposis. A, Appearance of right colon in 20-year-old girl resembles lymphoid hyperplasia, although there is more 
variation in size of polyps. B, In another patient colonic mucosa is carpeted with polyps of varying sizes, some appearing umbilicated. This is similar 


to cases reported by Nietzschman et al. [6]. 





Fig. 6.—Lymphoid hyperplasia in Crohn's disease. Colon has tiny 
nodules, some appearing umbilicated. Patient had extensive involvement 
of small bowel by Crohn's disease. 


does not necessarily imply a cause-effect relationship. It 
is possible that in the presence of diarrhea and bleeding, 
there is some stimulus to proliferation of lymphoid tis- 
sues of the colon. It is equally likely that a clean colon 
was more easily achieved in patients with diarrhea or 
rectal bleeding, resulting in better mucosal coating and 
visualization of these tiny nodules. 

If lymphoid hyperplasia represents a pathologic con- 
dition or a response to an underlying systemic disorder, 
it is an abnormality which is exceedingly common when 
searched for by appropriate radiologic techniques. De- 
spite the frequency of this finding, the alleged underlying 
disorder can rarely be documented or defined. 

The following observations support the idea that 
lymphoid hyperplasia may be a normal feature of the 
pediatric colon: (1) the frequency with which the condi- 
tion is found on double contrast studies; (2) the poor 
correlation between clinical symptoms and lymphoid 
hyperplasia in this and other series [3]; (3) the absence 
of a definable underlying disorder in most cases; and (4) 
the close correspondence between the anatomic de- 
scriptions of lymphoid follicles in the pediatric colon 
and the radiographic features of lymphoid hyperplasia. 
The term lymphoid hyperplasia may therefore be a mis- 
nomer since it implies a pathologic condition. In its 
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stead, we suggest the term lymphoid follicular pattern, 
which describes the nature of these nodules without 
implying abnormality. Burbige and Sobky [5] recently 
described the endoscopic appearance of colonic lymph- 
oid nodules in an adult. These nodules are usually not 
visible endoscopically. However, in the presence of me- 
lanosis coli, they may stand out as tiny white nodules 
approximately 1 mm in diameter. This was considered a 
normal variant. The pattern is occasionally seen on 
double contrast study of the colon in adults (fig. 3). 

The term lymphoid hyperplasia should be reserved for 
cases in which the lymphoid follicles are truly hyperplas- 
tic, either in response to infection, allergy, or immuno- 
logic deficiencies. In such patients, the lymphoid follicles 
will tend to be larger than 2 mm in diameter with greater 
variation in size and distribution (fig. 4). 

Several conditions may have a radiographic appear- 
ance which resembles the lymphoid follicular pattern. 
Ordinarily, familial polyposis is easy to distinguish be- 
cause of the variation in size of polyps and the presence 
of pedunculated polyps. Familial polyposis usually oc- 
curs in an older age group. Occasionally, particularly 
when familial polyposis is discovered in a young patient, 
the appearance may resemble lymphoid hyperplasia (fig. 
5A). In such cases, removal of a rectal polyp for histo- 
logic examination will establish the diagnosis. Neitzsch- 
man et al. [6] reported two cases of familial polyposis in 
which the polyps were umbilicated and resembled 
lymphoid follicles. On close scrutiny of those cases, the 
filling defects were too numerous and too closely packed 
to represent lymphoid follicles (fig. 4B). In addition, the 
polyps were too large to represent a normal lymphoid 
follicular pattern. 

True lymphoid hyperplasia is one of the pathologic 
features of Crohn's disease; it is therefore not surprising 


that in the early stages, mucosal nodularity identical to 
the lymphoid follicular pattern can be seen (fig. 6). 
However, these patients tend to be older, and more 
advanced disease elsewhere in the gastrointestinal tract 
usually will provide the clue to the correct diagnosis. 

Lymphoid follicles and lymphoid hyperplasia also need 
to be differentiated from lymphoid polyps [7, 8]. These 
are actual mucosal polyps which may resemble juvenile 
polyps grossly and histologically, and may be mistaken 
for malignant lymphoma. They occur as polypoid lesions 
up to 2 cm in diameter and are usually found in the 
rectum. 
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Transverse Colon in Adult Umbilical Hernia 


JOHN V. FORREST": ? AND ROBERT J. STANLEY’ 


The transverse colon may extend into an umbilical or other 
ventral hernia. An unusual configuration, extra anterior loops, 
outpouchings, narrowing, or nonmalignant-appearing ob- 
struction in the involved segment of the colon should suggest 
possible herniation. Clinical or radiographic confirmation is 
easily accomplished. Five cases are presented to illustrate 
some of the deformities of the transverse colon due to involve- 
ment in an umbilical hernia. 


Introduction 


The recognition of external hernias, including inguinal, 
femoral, umbilical and other forms of ventral hernias, is 
rarely a radiologic problem. Occasionally a patient with 
an obvious inguinal hernia will have portions of the 
colon or small bowel within the hernial sac. The radio- 
graphic findings are usually straightforward. However, 
the alterations in the configuration and position of the 
transverse colon due to involvement in an umbilical 
hernia may be confusing. Areas of partial obstruction, a 
twist, an extra anterior loop, or a knuckle of colon wall 
resembling a sacculation or pseudodiverticulum may 
suggest a cause other than simple herniation. 

The barium enema findings in various ventral hernias 
have been infrequently alluded to in the past [1, 2] and 
are only briefly described in more current texts of gas- 
trointestinal radiology [3]. This paper presents five pa- 
tients who illustrate some of the deformities of the 
transverse colon due to involvement in an umbilical 
hernia. 


Case Reports 
Case 1 


A. L., a 62-year-old obese woman, had diffuse abdominal 
pain, diarrhea, and vomiting. An umbilical hernia was noted on 
inspection of the abdomen. Barium enema examination showed 
a large carcinoma of the cecum and a small Richter's type 
umbilical hernia (fig. 1). A right hemicolectomy and hernia 
repair were done. 


Case 2 


B. B., an 84-year-old woman, had recurrent symptoms of 
peptic disease after a Billroth Il procedure. A small umbilical 
hernia was noted clinically. A barium examination performed to 
evaluate abdominal pain demonstrated a small reducible umbil- 
ical hernia (fig. 2). Treatment of the asymptomatic umbilical 
hernia was not felt to be necessary. 


Case 3 


D. J., a 60-year-old obese woman, was admitted for elective 
hernia repair. A small umbilical hernia was repaired 4 years 
earlier at the time of jejunoileal bypass surgery. Barium study 
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Fig. 1.—Case 1. Posteroanterior film showing unusual lobulation in 
midportion of transverse colon (arrows). At fluoroscopy, this disappeared 
with reduction of small Richter's type umbilical hernia. Patient also had 
a cecal carcinoma. 


showed a large recurrent umbilical hernia containing much of 
the transverse colon (fig. 3). The hernia was surgically repaired 


Case 4 


N. T., a markedly obese 53-year-old woman, had crampy 
abdominal pain and a huge umbilical hernia (fig. 4). At surgery 
the transverse colon was incarcerated in the hernia. 


Case 5 


M. C., a 67-year-old woman, had low back pain and anemia. 
A large umbilical hernia repaired surgically 23 years earlier had 
obviously recurred (fig. 5). At surgery, a partially obstructed 
segment of the mid-transverse colon incarcerated in the hernia 
was reduced and the hernia repaired. 


Discussion 


Umbilical hernias in adults are most often seen in 
obese middle-aged or elderly multiparous women, as 
was the case in the five patients presented here. In- 
creased pressure on the abdominal wall associated with 
pregnancy and obesity causes herniation through natu- 
rally weak areas, such as the umbilicus [4]. The associa- 
tion of pregnancy and obesity with other types of ventral 
hernias, including epigastric and spigelian, is not as 
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Fig. 2.— Case 2. A, Oblique film showing diverticulumlike outpouching of midportion of transverse colon (arrows). B, Cross-table lateral film 
showing outpouching of one wall extending into small Richter's type umbilical hernia. 





Fig. 3.—Case 3. A, Anteroposterior film showing long segment of mid-transverse colon in large umbilical hernia. Note narrowing without 
obstruction where colon enters and leaves hernia sac (arrows). B, Cross-table lateral view confirming site of hernia and showing slight narrowing at 
neck of hernia (arrows). 


clear. While none of the other types of ventral hernias 
are illustrated here, presumably they could produce 
similar findings on barium study. 

Small umbilical hernias usually contain only omentum. 
Transverse colon often enters the larger ones, and oc- 
casionally these larger umbilical hernias will contain 
small bowel, particularly if they are relatively low on the 
anterior abdominal wall [4]. Small asymptomatic umbili- 
cal hernias may have a knuckle of transverse colon in 


the sac. A single outpouching of one wall of the colon 
with an appearance similar to a pseudodiverticulum may 
be seen on fluoroscopy and standard barium enema 
films (fig. 1). Cases 1 and 2 represent examples of 
Richter’s hernia in an umbilical location. When frontal 
or oblique views fail to clarify the nature of an unusual 
outpouching of the mid-transverse colon, a cross-table 
lateral film will document the umbilical hernia (fig. 2). 
The hernia can also be confirmed during fluoroscopy by 
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Fig. 4.—Case 4. Oblique view showing anterior position of dilated 
loop of colon. Huge umbilical hernia with incarcerated colon segment 
was found at surgery. 


localization and manipulation of the palpable hernia 
with a gloved hand. 

Long segments of the transverse colon can extend 
into larger umbilical hernias (fig. 3) and may become 
incarcerated or obstructed. A large loop of transverse 
colon extending anteriorly on oblique films may be the 
radiographic clue to a huge umbilical hernia (fig. 4). 
Partial or complete obstruction has a tapered appear- 
ance with smooth margins and intact mucosa (fig. 5). 
Findings are similar to those seen in other hernias and 
sometimes with adhesions [5]. 

When unusual configurations of the transverse colon 
are encountered, herniations should be considered. The 





Fig. 5.— Case 5. Lateral decubitus film from air contrast barium study 
showing slightly dilated portion of transverse colon with tapered narrow- 
ing as it leaves hernia (arrows). 


existence of a hernia may not be known to the radiologist 
prior to the study, and the appropriate maneuvers 
needed to clarify the nature of the lesion will not be 
used if that diagnosis is not considered. 
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New Cholangiographic Sign of Common Bile Duct Obstruction: Initial 
Opacification of Intrahepatic Ducts 


EDWARD B. BLACK' AND JOSEPH T. FERRUCCI, JR.' 


A previously undescribed sign of common bile duct obstruc- 
tion during intravenous cholangiography — initial visualization 
of proximal intrahepatic ducts — was observed in 26 patients 
with surgically proven obstructive disease of the distal com- 
mon duct. In all cases, opacification of intrahepatic biliary 
radicles occurred on standard interval films prior to visualiza- 
tion of the extrahepatic common bile duct, the reverse of the 
normal sequence. The abnormal opacification pattern reflects 
stasis of bile flow in the presence of distal obstruction and 
seems analogous to the urographic finding of opacified intra- 
renal calyces as the initial manifestation of distal ureteral 
obstruction. Recognition of the alteration in the initial cholan- 
giographic opacification sequence signals the need for de- 
layed films to confirm the diagnosis of a distal choledochal 
obstruction. 


Introduction 


Little has been added to the radiographic criteria for the 
diagnosis of common bile duct obstruction by intrave- 
nous cholangiography since the initial comprehensive 
descriptions of the technique by Wise and co-workers 
[1-3]. Signs useful in the indirect diagnosis of common 
duct obstruction include dilatation and loss of the nor- 
mal tapering of the duct, delayed common duct opacifi- 
cation, and an abnormal time/density of opacification 
relationship, with more intense opacification of the com- 
mon duct at 120 min than at 60 min [1-3]. Direct diagno- 
sis of common duct obstruction can be made only by 
demonstration of the obstructing entity (e.g., focal stric- 
ture, intraluminal filling defect). 

This report draws attention to the dynamic patterns of 
biliary contrast flow during intravenous cholangiography 
and records a previously undescribed cholangiographic 
sign of common duct obstruction — initial opacification 
of the intrahepatic biliary ducts. 


Subjects and Methods 


This study is based on a review of radiographs and hospital 
records of 26 patients demonstrating the cholangiographic sign 
of initial intrahepatic duct opacification. All cases were ob- 
served during routine intravenous cholangiographic examina- 
tion over a 5 year period (1971-1976) at Massachusetts General 
Hospital. Each case had symptoms, signs, and laboratory find- 
ings suggesting common duct obstruction. Partial common 
duct obstruction, found at laparotomy in all cases, resulted 
from choledocholithiasis and/or benign strictures in 22 cases 
and from neoplasm in four. Numerous other patients with 
nonobstructing common duct calculi or low grade stenosis at 
the choledochoduodenal junction who did not show initial 
opacification of intrahepatic ducts were not included in the 
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study. The preponderance of benign conditions in this series 
probably reflects the tendency of malignant strictures to de- 
velop early high grade obstruction, obviating fruitful intrave- 
nous cholangiography. 

Preliminary observations of the dynamics of unimpeded bili- 
ary contrast excretion were accumulated from innumerable 
routine examinations considered normal radiographically. (Ap- 
proximately 10 intravenous cholangiograms have been per- 
formed weekly in our department during the 5 year period of 
this study.) More detailed analysis of normal biliary duct opaci- 
fication sequences was carried out in a retrospective series of 
100 cholangiograms in which the official interpretation was 
normal or negative. Excretion patterns were analyzed on the 
basis of the 10, 20, and 30 min plain sequential radiographs 
and characterized and scored as follows: (1) initial simultaneous 
opacification of intrahepatic ducts and common bile duct; (2) 
initial opacification of common duct; and (3) initial opacification 
of intrahepatic ducts alone. 

Intravenous cholangiography was performed with the patient 
in a supine right oblique position using a mixture of 100 ml of 
meglumine iodipamide (Cholegrafin, Squibb), containing 5.1 g 
of iodine and 10.3 g of meglumine iodipamide, administered by 
slow intravenous infusion over a period of about 10 min. Plain 
films of the right upper quadrant were obtained prior to the in- 
fusion and at 10, 20, and 30 min after infusion was begun. Linear 
tomograms of the right upper quadrant were obtained at 30 min, 
and delayed films when indicated. 


Results 


Contrasting initial biliary duct opacification sequences 
were identified in normal and abnormal cases and are 
schematically portrayed in figure 1. 


Normal Opacification Patterns 


Visualization of the unobstructed biliary tree was 
shown on interval plain films either as simultaneous 
opacification of intrahepatic radicles and the common 
duct proper (fig. 14) or, with lesser degrees of contrast 
excretion, opacification of the common duct alone with 
delayed or negligible opacification of intrahepatic radi- 
cles (fig. 1B). Simultaneous opacification of both intra- 
hepatic and common bile duct occurred with consider- 
ably greater frequency (72 of 100 cases) than opacifica- 
tion of the common duct alone (28 of 100). It is likely 
that the poorer opacification in the latter group reflected 
some cases with minor degrees of hepatic cellular dys- 
function, thus decreasing biliary contrast excretion. It is 
also of note that both normal excretion sequences were 
occasionally observed in other patients with nonobstruc- 
tive biliary duct disease, especially with small common 
duct calculi and low grade periampullary stenosis. 
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NORMAL 


Obstructive Opacification Patterns 


When biliary obstruction was present and duct opaci- 
fication was sufficient to yield diagnostic quality studies, 
a consistent alteration of the normal dynamics of con- 
trast excretion was encountered. In these cases opacifi- 
cation of intrahepatic ducts occurred before visualiza- 
tion of the common bile duct, the reverse of the usual 
sequence (fig. 1C). In all 26 patients, intrahepatic duct 
opacification preceded or exceeded the degree of com- 
mon duct opacification and thus appeared early or iso- 
lated (figs. 2-4). This reversal of the normal opacification 
sequence did not occur in the normal sample group, 
nor was this encountered as a false positive effect during 
the period of the study. On the contrary, moderately 
high grade obstructive disease was invariably present 
when this sign was evident. 

Initial intrahepatic duct opacification was often appar- 
ent on the early plain film series but was frequently 
shown better with tomography. Although the time and 
density of detection of these intrahepatic radicles varied 
with the degree of distal obstruction, they were often 
dilated with distention of second- and third-order 
branches. In several instances the increased volume of 
contrast medium within the smaller proximal ducts ren- 
dered them dramatically visible on plain films and initially 
gave the impression of an obstructing lesion at the level 
of the common hepatic duct or porta hepatis. However, 
in the majority of cases the significance of this altered 
opacification sequence was recognized as the study was 
carried out; and appropriate delayed films were obtained 


Fig. 1.—Patterns of biliary duct 
opacification. Normal unobstructed 
ducts show either simultaneous vi- 
sualization of intrahepatic radicles 
and common bile duct (a) or opaci- 
fication of the common duct alone 
(b). With obstructive biliary disease 
(c), visualization of slightly dilated 
intrahepatic radicles may precede or 
exceed degree of common duct fill- 
ing, reversing normal sequence. 


C 
ABNORMAL 


to confirm the presence of distal choledochal obstruc- 
tion. 


Discussion 


The sole cholangiographic criterion of common duct 
obstruction based on functional considerations is the 
time-density retention concept advanced by Wise and 
co-workers 20 years ago [1-3]. That thesis held that 
increased contrast density within the common bile duct 
on a 2 hr film in reference to the density on a 1 hr film 
was indicative of partial obstruction of the common 
duct. The sign described here deals with the earlier 
stages of the examination —the intrahepatic ducts — and 
thereby extends the tenets of Wise and associates to 
patients with greater degrees of biliary obstruction. 

Initial visualization of the intrahepatic ducts is un- 
doubtedly related to stasis of the contrast agent associ- 
ated with the increased intrabiliary pressure and de- 
creased bile flow which accompany common duct ob- 
struction [3-6]. The effect has a close analogy to intra- 
venous urography, where distal ureteral obstruction may 
be first manifested by the familiar initial opacification of 
a dilated intrarenal collecting system with visualization 
of the remainder of the ureter to the site of distal 
obstruction. Both cases seem to be an expression of a 
more universal hydrodynamic phenomenon, namely, in- 
troduction of a low volume of contrast agent into a large 
volume nonturbulent space. This results in nonmixing 
and accumulation in gravitationally dependent locations. 
Therefore, it is important to analyze not only the extra- 
hepatic common duct during intravenous cholangiogra- 
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Fig. 2.—Isolated early intrahepatic duct opacification in distal common duct obstruction. A, Film at 10 min showing isolated opacification of dilated 
intrahepatic radicles. B, Film at 45 min disclosing faceted calculus obstructing distal common duct (arrow). 





Fig. 3.—Isolated intrahepatic duct opacification associated with calculus obstruction of biliary ducts in 59-year-old man with acute cholangitis. A, 
Film 30 min after contrast infusion revealing opacification of bizarre intrahepatic duct structures containing lucent central defects. No common duct 
opacification is evident. B, Tomogram 3'/2 hr after infusion disclosing marked diffuse duct dilatation and several intraluminal filling defects. At 
surgery, multiple common and intrahepatic duct calculi were found. 


phy but, when common duct opacification is poor, to plete evaluation of the extrahepatic biliary ducts. Aware- 
examine also the region of the liver itself for evidence of ness of this sign may prompt more careful scrutiny of 
isolated small radicle opacification. When this appear- cholangiograms with poor visualization in order to ex- 


ance occurs, delayed serial filming is indicated for com- tract more subtle but still positive data. 





A 





Fig. 4. — Early isolated intrahepatic duct visualization as sign of distal obstruction in 74-year-old woman with recurrent epigastric pain, nausea, and 
vomiting. A, Plain film at 20 min showing intrahepatic duct opacification without visualization of extrahepatic system. B, Tomogram at 30 min showing 
marked dilatetion of common duct with single large calculus in distal portion. At surgery, single 2.5 cm impacted calculus was found. 





Fig. 5. — Transhepatic cholangiography. Isolated opacification of intrahepatic radicles with distal common duct obstruction in 63-year-old man with 
obstructive jaundice 11 days after Whipple resection for pancreatic cancer. A, Initial film showing contrast confined to dilated intrahepatic radicles 
with no opacification distally. Appearance suggests periportal block. Subcapsular contrast extravasation is evident medially. B, Delayed semierect film 
showing opacification of markedly dilated distal common duct. At surgery, iatrogenic ligature obstruction of distal common duct was found. 
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Similar alterations of contrast flow patterns in obstruc- 
tive biliary disease have been noted during percutaneous 
transhepatic cholangiography [7, 8]. When high grade 
distal obstruction and elevated intraluminal pressures 
are present, contrast material deposited within intrahe- 
patic ducts may appear stagnant and persist in the 
proximal duct system with little or no tendency to flow 
distally (fig. 5). Preliminary appearances after direct 
needle injection often simulate an obstruction in the 
proximal ducts and require delayed, prone, or semierect 
views to demonstrate the correct level and nature of the 
obstruction. 

Anatomically, it is also noteworthy that in this series 
duct opacification was most frequently and to a greater 
extent observed in the right hepatic duct and its 
branches. This is explained by the spatial arrangement 
of the intrahepatic ductal system [9]. With the patient in 
the customary supine or right posterior oblique position 
for intravenous cholangiography, the right hepatic duct 
and its branches are in a dependent position and will 
accumulate contrast material readily, while the left he- 
patic duct which courses ventrally is well drained by a 
gravitational effect. Thus gravity as well as elevated 
intraluminal pressures probably contribute to the promi- 
nent initial visualization of intrahepatic radicles in distal 
extrahepatic obstruction. 

Finally, since the wide range of diameters reported for 
unobstructed common ducts renders duct caliber an 
unreliable parameter of obstruction, identification of al- 


tered dynamics of biliary contrast excretion — initial vis- 
ualization of intrahepatic ducts —affords a useful addi- 
tional dynamic radiographic sign of duct disease. 
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Diagnosis of Gangrene and Perforation of the Gallbladder by Endoscopic 
Retrograde Cholangiography 


KAZUKO BILL' AND JOSEPH P. BELBER* 


Conventional radiographic procedures are not helpful in 
the preoperative documentation of gangrenous cholecystitis 
or gallbladder perforation. Three cases in which preoperative 
diagnosis was accomplished by endoscopic retrograde cho- 
langiography are described. Gangrene was identified in all 
three by a shaggy outline of the gallbladder wall with amor- 
phous debris and stones in the lumen. Perforation was identi- 
fied in two of the cases by extravasation of contrast material 
into a pericholecystic abscess. This information, as well as 
the status of the common duct, was important to the surgeon. 


introduction 


Gallbladder perforation, caused by necrosis of all or 
part of the gallbladder wall, occurs in about 8%-12% of 
patients with acute cholecystitis [1]. Although high fever, 
leukocytosis, and tachycardia suggest the diagnosis, 
the clinical picture may be indistinguishable from un- 
complicated acute cholecystitis [1, 2]. During preopera- 
tive endoscopic retrograde cholangiography, we have 
encountered abnormalities which suggest gallbladder 
wall necrosis and which are characteristic of perforation 
and abscess formation. 

Endoscopic retrograde cholangiography has been per- 
formed 318 times in 272 patients at the Martinez Veterans 
Administration Hospital since July 1972. Of these exami- 
nations, 52 were done to evaluate patients with symp- 
toms of acute cholecystitis, some after the acute phase 
had subsided. Adequate examinations were obtained in 
38. All but one were abnormal, revealing either stones in 
the gallbladder and/or common duct or blockage of the 
cystic duct. The three cases described here had a shaggy 
gallbladder wall with debris in the gallbladder; two also 
showed leakage of contrast material beyond the gall- 
bladder wall. 


Case Reports 


Case 1 


A 46-year-old man was admitted complaining of nausea, 
vomiting, and feverishness for 1 day. Similar attacks lasting up 
to 48 hr had occurred during the previous 2 years, occasionally 
associated with right upper abdominal pain. Temperature was 
38.9°C; pulse, 110; blood pressure, 80/60. A large firm mass 
was palpated in the right upper abdomen. Laboratory studies 
revealed hemoglobin 15.6; white blood cell count, 23,900 with 
78% polymorphonuclear leukocytes; serum bilirubin, 2.6 mg/ 
dl; SGOT, 51 mU/ml; and alkaline phosphatase, 107 U (normal 
= 35). The patient was placed on ampicillin and improved 
within a few hours. 
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Intravenous cholangiography failed to visualize the biliary 
ducts or gallbladder. Endoscopic retrograde cholangiography 
demonstrated the extrahepatic biliary ducts to be nondilated 
and free of calculi, but displaced by a large mass. The cystic 
duct was patent. As the gallbladder filled, stones and debris 
(fig. 1A) were demonstrated. Subsequently, the contrast me- 
dium left the gallbladder through a broad fistulous tract into a 
large pericholecystic cavity containing irregular debris (figs. 1B 
and 1C). 

At exploratory surgery the gallbladder was perforated and 
gangrenous. A large subhepatic abscess containing calculi and 
necrotic debris was drained and a cholecystostomy performed. 
The common duct was not explored. The postoperative course 
was stormy, but the patient ultimately recovered and was 
discharged. 

He was readmitted 14 months later for interval cholecystec- 
tomy. Endoscopic retrograde cholangiography demonstrated a 
normal extrahepatic biliary tree including a patent cystic duct. 
The gallbladder showed stricture and deformity at the fundus. 
An irregular calculus was present in the body of the gallbladder 
(fig. 1D). Cholecystectomy confirmed these findings. Again the 
postoperative course was uneventful. 


Case 2 


A 55-year-old man was admitted with right upper quadrant 
pain and fever for 3 days. Physical examination disclosed a 
temperature of 39.4°C, and tenderness and guarding in the 
right upper quadrant. The white blood cell count was 15,600 
with 80% polymorphonuclear leukocytes. Serum bilirubin was 
1.1 mg/dl; alkaline phosphatase, 61 U (normal = 35). The fever 
and abdominal findings resolved in 10 days. Serum bilirubin 
peaked at 6.8 mg/dl 3 days after admission and then fell to 
normal over a 7 day period. Intravenous cholangiography 
showed nonvisualization of the biliary ducts and gallbladder. 
Endoscopic retrograde cholangiography demonstrated a large 
shaggy gallbladder containing calculi and irregular debris. The 
cystic duct was short and the common hepatic duct was 
compressed, presumably by contiguous inflammation (fig. 2). 

At laparotomy the gallbladder was intensely inflamed and 
contained dark bile, necrotic debris, and calculi. The infundib- 
ulum pressed on the common hepatic duct. The cystic duct 
was patent. A cholecystostomy was performed and a portion of 
the gallbladder wall was biopsied, revealing marked inflamma- 
tion with local necrosis. The postoperative course was unevent- 
ful, and 2 months later cholecystectomy was performed. The 
infundibulum of the gallbladder was in close proximity to the 
common hepatic duct. Again the postoperative course was 
uneventful. 


Case 3 


A 60-year-old man was hospitalized elsewhere with a cere- 
brovascular accident resulting in right hemiparesis and motor 
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Fig. 1.— Case 1. A, Early filling of gangrenous gallbladder and pericholecystic abscess with multiple filling defects produced by debris and stones. 


cholangiopancreatography (ERCP) and the skinny needle, 
Saunders, 1978) 


aphasia. Intermittent fever was attributed to an E. coli urinary 
tract infection and he was treated with ampicillin. The patient 
was transferred to the Martinez Veterans Administration Hospi- 
tal 2 weeks later. Physical examination revealed an alert male 


yed film showing filling of large abscess cavity. C, Lateral view of abscess. D. Study 14 months 
ge stone. (Fig. 1A reprinted with permission from Belber JP: Endoscopic retrograde 
in Gastrointestinal Disease, 2d ed, edited by Sleisenger MH, Fordtran JS, Philadelphia, 


with a right hemiplegia and motor aphasia. The abdomen was 
soft, nontender, and without guarding or palpable masses. 
Temperature was 39.4°C; white blood cell count, 38,300 with 
90% polymorphonuclear leukocytes; serum bilirubin, 1.2 mg/ 





, 
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Fig. 2.—Case 2. Gangrenous gallbladder filled with necrotic debris 
and stones. Note narrowing of common hepatic duct. 


dl; SGOT, 92 mU/ml; and alkaline phosphatase, 311 mU/ml 
(normal — 85). 

The patient was given 1 g Ancef and 1.7 mg/kg gentamycin 
every 6 hr. Because of the probability that sepsis was due to 
biliary tract disease, intravenous cholangiography was per- 
formed. No portion of the biliary tree was visualized. Endo- 
scopic retrograde cholangiography demonstrated a slightly di- 
lated common bile duct which was free of calculi or other 
evidence of obstruction. The cystic duct was patent. Contrast 
material freely entered the gallbladder, demonstrating irregular 
calculi and inflammatory debris. The outline of the gallbladder 
was irregular and shaggy (fig. 3). Contrast medium flowed from 
the gallbladder into a pericholecystic abscess cavity. The pan- 
creatic duct was normal. 

At laparotomy a perforated gangrenous gallbladder and sub- 
hepatic abscess were found. Calculi and necrotic debris were 
present in the pus. A cholecystectomy was performed and a T- 
tube was placed in the common duct. The postoperative course 
was satisfactory. 


Discussion 


Gangrene and perforation of the gallbladder, serious 
complications of acute cholecystitis, are associated with 
a higher mortality than uncomplicated cholecystitis. 
While a great majority of these patients have cholelithia- 
sis, a few cases with acalculous disease have been re- 
ported. 

In the pathogenesis of gangrenous cholecystitis due 
to cholelithiasis, it is felt that obstruction of the cystic 
duct, either by edema or stone, is the initial abnormality 
[1-3]. Increasing distention and inflammation of the 
gallbladder result. Compression of the blood supply 
leads to ischemia, necrosis, and perforation. It is note- 
worthy that although cystic duct obstruction by calculus 
was initially responsible for the development of gangrene 
and perforation in our patients, the duct was still patent 


Fig. 3.— Case 3. Gangrenous gallbladder filled with debris and stones 
Multiple sites of perforation are also shown. 


enough for the gallbladder to fill during endoscopic 
retrograde cholangiography. 

In acalculous disease, gangrene may not be related to 
cystic duct obstruction. Ischemia caused by vascular 
disease, bacterial invasion, and chemical inflammation 
have been suggested as the major etiologic factors. 
Rarely, cystic duct obstruction by neoplasm may be the 
underlying process. 

During the early stages of gangrene the outline of the 
gallbladder wall may appear normal. If necrosis pro- 
gresses, however, the mucosa becomes edematous and 
thickened and ultimately sloughs into the lumen. Opaci- 
fication of the gallbladder reveals a shaggy outline of 
the wall and irregular filling defects in the lumen repre- 
senting necrotic debris. Calculi may be present as well. 
If gangrene progresses to perforation, the contrast ma- 
terial may leak beyond the gallbladder wall and outline 
pericholecystic abscess cavities. 

Noninvasive methods, including diagnostic ultra- 
sound, CT, or gallium scanning, can indicate the pres- 
ence of a mass or suggest the possibility of an abscess; 
however, they do not give the anatomic detail obtainable 
by good contrast radiographic studies. Oral cholecystog- 
raphy or intravenous cholangiography are not helpful in 
distinguishing gangrene and perforation from simple 
acute cholecystitis, primarily because the gallbladder 
usually does not visualize adequately in such circum- 
stances [4]. In all three of our patients, the biliary tract 
was not opacified by intravenous cholangiography. Isch 
et al. [3] reported nonvisualization by oral or intravenous 
study in 10 of 12 patients with gallbladder perforation. 
One of the other patients showed opaque stones and 
one was normal. Cystic duct obstruction, a common 
feature of acute cholecystitis with cholelithiasis, is 
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thought to be the reason for nonfilling of the gallbladder 
on oral or intravenous studies [5]. However, in our three 
cases the duct was sufficiently patent during endoscopic 
retrograde cholangiography to allow filling of the gall- 
bladder by retrograde injection. 
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Ultrasonographic Appearance of Gas-containing Abscesses 
in the Abdomen 


HERBERT Y. KRESSEL'? AND ROY A. FILLY' 


This report describes the sonographic appearance of six Abscesses transmit sound well and usually contain few 
gas-containing abdominal abscesses. Gas-containing ab- internal echoes [1, 2]. Less commonly, abscesses may 
scesses may appear as densely echogenic masses with appear as more complex or even solid masses [2, 3]. We 
acoustical shadowing, but may also be seen merely as re- report the ultrasonographic appearance of six gas-con- 


gions of acoustical shadowing or as an echogenic mass. A taining abscesses. To our knowledge no prior descrip- 
hypothesis is advanced that the appearance of gas-containing tion of the appearance of such abscesses has Boh 


abscesses as echogenic masses may be due to a “microbub- blished 
ble" contrast effect. published. 


introduction Subjects and Methods 


Since its clinical introduction, ultrasound has been suc- The six patients ranged in age from 43 to 65 years. There 
cessfully used to search for occult abdominal abscesses. were four females and two males. In four cases preoperative 
Patients with abdominal abscesses frequently have a confirmation of gas in the suspected abscess was made with 
local or more generalized adynamic ileus which compli- conventional radiographs. In two of these four cases, gas in the 
cates the search for the abscess by ultrasonography. abscess was recognized only after the ultrasonogram suggested 


Similarly, the presence of gas within an abscess can its presence. In two patients the presence of gas in the lesion 
dele i i : isi was confirmed by CT. In all cases a gas-containing abscess was 
limit the delineation of the lesion or render it virtually confirmed at surgery 
invisible on an ultrasonogram. For this reason many 


; i ' All patients were examined on commercially available gray 
ultrasonographers are loathe to examine a patient with scale ultrasound units using either a 2.25 or 3.5 mHz transducer. 


a suspected gas-containing abscess. Scan intervals and technique were frequently varied to accom- 
The “classic” ultrasonographic appearance of an ab- modate scanning impediments such as surgical incisions or 
scess is a sonolucent mass with thick irregular margins. ostomies. 
TABLE 1 


Summary of Findings 


——————— MM MM————— 


Ultrasound 
Case No. Age (yr) Abdominal Film GT mr norris Type of Abscess 
Shadow 
creased Echoes 
P ooaesexsitbh Ra 65 Gas in pan- Same € +* Pancreatic 
creatic bed 
2 (fig. 3) .... 63 Gas in ab- ND + - Abdominal 
dominal wall 
wall 
3 (fig. 2) .... 43  Gasinliver ND + + Liver 
IN or None chm gid E 63 Gas in liver Same + + Liver 
eer ee eee 56 No abnormal ND _ + Liver 
gas collec- 
tion identi- 
fied 
6 (fig. 1) .... 60 No abnormal Gas in perirenal — + Perirenal 
gas collec- abscess 
tion identi- 
fied 


NENNEN. nn 


Note. — ND = not done. 
* Portion of abscess containing large quantities of gas could not be identified as separate from surrounding bowel gas 
artifacts. 
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Fig. 1.—Case 6: 60-year-old female with flank pain and fever. A, 
Parasagittal scan in prone position showing large echodense mass (M) 
without evidence of acoustic shadowing posterior to right kidney (K). 
Note slight hydronephrosis. B, CT scan demonstrating low density mass 
(M) posterior to right kidney. Note small gas collection (arrow). At 
surgery, gas-containing perinephric abscess was drained. 


* 


Fig. 2. — Case 3: 43-year-old female with right upper quadrant abdominal 


pain and fever. A 


Results 


Clinical data and ultrasonic appearance of the gas- 
containing abscesses are summarized in table 1. In three 
patients, the gas-containing abscesses appeared as 
masses containing numerous high amplitude echoes 
without evidence of acoustical shadowing (fig. 1). In two 
cases (fig. 2) gas-containing abscesses were identified 
as regions of increased echogenicity with evidence of 
acoustical shadowing. One case (fig. 3) demonstrated 
gas shadowing in a portion of a fluid-filled anterior 
abdominal wall mass. 


Discussion 


Gramiak et al. [4] have reported the use of ultrasonic 
contrast agents in cardiac ultrasound. Although indocy- 
anine green was utilized, they concluded that the echo- 
dense, or contrast effect was due to small microbubbles 
of gas in the injected compound. Similarly, Goldberg [5] 
used microbubbles as contrast to aid in identifying the 
common bile duct. More recently Yeh and Wolf [6] have 
reported the use of microbubbles in orally ingested 
water as a means of identifying the stomach on abdomi- 
nal ultrasound examination. Initially the microbubbles in 
the ingested water cause an echogenic appearance in 
the region of the gastric lumen. As the bubbles disperse, 
a more characteristic sonolucent appearance of the 
fluid-filled stomach ensues. 

We believe that the lesions which appeared as strongly 
echogenic masses without acoustic shadowing were 
caused by a similar microbubble effect within the ab- 
scess. This conclusion is strengthened by two facts. 
First, no unusual amounts or unusual types of debris 
were found within the abscess at surgery. Second, CT 
scans in three individuals showed no unusual features 
other than macroscopic gas. Importantly, the zone of 
dense echogenicity was noted in the portion of the 
"mixed" lesions which did not contain the macroscopic 
gas collections. As larger amounts of gas accumulated. 
or as the scan plane moved to regions containing more 





, Supine abdominal radiograph. Abnormal gas collection 


in liver was identified only after sonogram (arrows). B, Parasagittal scan through right hepatic lobe demonstrating echogenic mass (M) with evidence 
of acoustical shadowing (arrows). At Surgery, gas-containing liver abscess was drained. 
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Fig. 3.—Case 4: 63-year-old male 
with painful, tender anterior abdom- 
inal wall mass. A, Transverse scan 
(limited sector) showing sonolucent 
mass (A). B, Limited transverse scan 
more superiorly showing region of 
acoustical shadowing (S) arising 
from anterior abdominal wall. At sur- 
gery, gas-containing abdominal wall 
abscess was drained. 


gas, the reverberation type of echo pattern without 
evidence of through penetration, characteristic of ab- 
dominal gas, was apparent. 

In our series, none of the gas-containing abscesses 
occurred in regions of the abdomen where gas-contain- 
ing structures are normally present. Within the peritoneal 
cavity, adjacent to gas-filled loops of bowel, it may not 
be possible to define a gas-containing abscess. Con- 
versely, an appearance compatible with a collection of 
gas in the retroperitoneum, liver, or the anterior abdom- 
inal wall should strongly suggest an abscess. 

The differential diagnosis of a densely echogenic 
mass is somewhat limited; calcified lesions, lesions 
with much fibrous stroma such as an angiomyolipoma, 
or a hair-containing teratoma should be considered as 
well as a gas-containing abscess. Plain film radiography 
quickly excludes the possibility of a calcified lesion. 
However, a plain film which is negative for an abnormal 
gas collection does not exclude the possibility of an 
abscess. Two of our patients did not display abnormal 
gas collections on plain films of the abdomen. Our 
assumption is that the gas had not yet coalesced into 
macroscopic bubbles which would be visible on stan- 
dard abdominal radiographs. 





The echo-dense abscess represents an additional fea- 
ture in the broad spectrum of the appearance of ab- 
Scesses on ultrasound examination. An awareness of 
the ultrasonographic characteristics of gas-containing 
abscesses may lead to improved accuracy in the detec- 
tion of the occult abscess. 
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Percutaneous Nephrostomy: A Series and Review of the Literature 


DEREK P. STABLES,’ NATHAN J. GINSBERG, AND MICHAEL L. JOHNSON 


A series of 53 percutaneous nephrostomies and a literature 
review of 516 such procedures are presented. The selection 
of patients with supravesical urinary obstruction, urinary fis- 
tulas, and renal calculi is discussed, and the concept is 
advanced that percutaneous nephrostomy is more than a 
temporizing preoperative procedure. The available tech- 
niques are compared; modified instrumentation for balloon 
catheter insertion, a combination of fluoroscopic with real- 
time ultrasound guidance, and some additional principles of 
subsequent management are introduced. Successful results 
can be expected in over 90% of percutaneous nephrostomies, 
with major complications limited to 4% and minor complica- 
tions to 15%. The limitations of percutaneous nephrostomy 
and the role of surgical nephrostomy are discussed. 


Percutaneous nephrostomy has come of age. After the 
first description in 1955 [1], 10 years elapsed before the 
next paper [2]. It is only within the last 5 years that the 
procedure has begun to receive any semblance of due 
recognition. This report describes our experience with 
percutaneous nephrostomy and provides a comprehen- 
sive review of the literature. 


Materials and Methods 


Percutaneous nephrostomy was attempted on 53 kidneys in 
42 patients (nine children and 33 adults) at the University of 
Colorado Medical Center and affiliated hospitals between July 
1972 and June 1977. Four of the permanent nephrostomies 
have been reported and illustrated previously [3]. The usual 
indication for percutaneous nephrostomy was supravesical ob- 
struction with azotemia, infection, or both; less common indi- 
cations were uncomplicated supravesical obstruction and uri- 
nary fistula (table 1). The site and cause of the obstruction or 
fistula was variable (table 2) and often was determined only by 
antegrade pyeloureterography performed subsequently through 
the nephrostomy. 

The procedure was performed with the patient prone (prone 
oblique in the last five instances). The pelvocalyceal system 
was visualized by fluoroscopy alone during the first 4 years of 
the study, by ultrasound alone in one case, and by a combina- 
tion of ultrasound and fluoroscopy in 10 of the last 13 proce- 
dures. With the new combined technique, a skin mark is placed 
over the area of maximal pelvocalyceal dilatation, localized by 
real-time ultrasound, and its distance from the center of the 
pelvocalyceal system is measured from the ultrasound display. 
Sterile tape is placed on a Teflon-sheathed needle at the 
measured distance from the needle tip. After skin preparation, 
local anesthesia, and fluoroscopic verification of the needle's 
vertical direction, the needle is inserted up to the tape during 
suspended respiration. 

Initially, an 18 gauge Teflon sheath was left indwelling. For 
the next 34 nephrostomies the 18 gauge sheath was exchanged 
over a 0.89 mm guide wire for a no. 6.5 French polyethylene 


Received May 16, 1977; accepted July 22, 1977. 


catheter under fluoroscopic control, in a manner similar to that 
described by others [2, 4-8]. The 10 most recent procedures 
were managed by modification of the balloon catheter tech- 
nique of Burnett et al. [9]. The modification involves pelvocaly- 
ceal puncture with a 15 gauge Teflon-sheathed needle 15.2 cm 
long (made to specification by Cook Inc., Bloomington, Ind.); 
passage of a 1.32 mm guide wire with movable core and 3 mm 
radius J curve (Cook Inc.), and progressive dilatation of the 
tract with nos. 8, 10, 12, and 14 French Teflon dilators (made to 
specification, Cook Inc.) before introduction of the no. 12 
French Ingrahm balloon catheter (Argyle Co., Sherwood Medi- 
cal Industries, St. Louis, Mo.). The 1.32 mm guide wire fits the 
end hole of the Ingrahm catheter, and the Teflon sheath and 
dilators are tapered to match. 


Results 


There was one placement failure. Percutaneous ne- 
phrostomy was successful in achieving its goal in 91% 
of the series; 6296 of these cases did not require subse- 
quent surgery (table 3). Major complications, defined as 
those adversely affecting patient care, occurred in 8% 
(table 4). 

Tables 5 and 6 show the results of a literature survey 
[1, 2, 4-23; R. C. Pfister, personal communication]; 
duplicate and sequential reports of the same case mate- 
rial were excluded. Another paper did not provide statis- 
tics [24]. Additional information on some complications 
was obtained directly from the investigators. 


Discussion 
Indications 


Percutaneous nephrostomy is sometimes described 
as a temporizing measure prior to corrective surgery 
[10, 11, 25]. This is a narrow view, since 62% of our 
successful nephrostomies were not followed by surgery. 
Radiotherapy and chemotherapy provided specific treat- 
ment for the underlying lesion in some cases. In others, 
percutaneous nephrostomy alone was definitive in allow- 
ing closure of a fistula, in palliating symptoms of incura- 
ble malignancy, or in providing time for resolution of 
postoperative edema or passage of a calculus. Clearly, 
percutaneous nephrostomy should be considered when- 
ever temporary supravesical diversion is required. The 
limited use of the procedure for permanent diversion 
does not reflect deficiencies in the percutaneous method 
so much as the availability of alternative methods of 
permanent urinary drainage [26] which are often more 
desirable. 

Supravesical obstruction is the usual common denom- 
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TABLE 1 
Indications for Percutaneous Nephrostomies 


indication No. Per- No. Unsuc- 
formed cessful 
Supravesical obstruction: 
With infection ......... oer 15 0 
With infection and azotemia ........ 5 0 
With azotemia: 
OMG NUDO 665d 5.65.45 xor RRRE andes 10 
TWO RIGNGNS orrs annisa kares ETA 16 3t 
Without azotemia or infection ....... 3 0 
Urinary TiBIUIB. ..iiioooo usse 4 1i 
TOR Loose eem rd od dd 39 53 5 


* Catheter dislodgement. 

T One placement failure; two pelvocalyceal blood clot retention (same patient). 

t Inadequate drainage from undilated renal pelvis, in the absence of ureteral 
obstruction. 


TABLE 2 
Underlying Disease 





No. Nephrosto- 


Cause : 
mies 


Supravesical obstruction: 
Ureteropelvic junction obstruction ............ 
Duplex kidney, upper moiety obstruction ...... 
Ureteral or renal pelvic calculus ............... 
Postoperative edema.....................0... 
Postoperative ureteral stricture ............... 
Postirradiation ureteral stricture .............. 
Inflammatory ureteral stricture ................ 
Bladder trabeculalilód ... ori odes 
Retroperitoneal fibrosis ...................... 
Retroperitoneal lymphoma or carcinoma ...... 

Urinary fistula: 
Sigmoid conduit, ureteral fistula .............. 
Vesicovaginal fistula... oo t ka 


WI ——— ror 


* See figure 2. 


— 
^ P2 NNNAANN OD 


7] 
WINN 


inator, and table 2 lists only some of the many possible 
causes. However, since the precise cause may be un- 
known at the time of clinical presentation, it is more 
helpful to consider the indications for nephrostomy in 
terms of the consequences of obstruction (table 1). 
Azotemia due to bilateral obstruction or obstruction 
of a single functioning kidney (fig. 1) has been the most 
frequent indication for nephrostomy, both in this and 
other series. Percutaneous nephrostomy is often the 
simplest method of initial management of obstructive 
renal failure because of the hazards of surgery in uremic 
patients, unless definitive treatment can be accom- 
plished rapidly, as by the endoscopic removal of ureteral 
calculi. Indeed, the ease of percutaneous nephrostomy 
demands restraint in its application. Particular caution 
should be exercised in handling the obstructive ne- 
phropathy of advanced pelvic malignancy, lest the pa- 
tient be spared a uremic death only to face more painful 
consequences of the tumor. There must be a prospect 
of response to chemotherapy or radiotherapy before 
arrangements for percutaneous nephrostomy are made. 
Although infection has been a less frequent indication 


TABLE 3 
Results of Nephrostomy and Final Outcome 


= 
d 


Result of Nephrostomy and Outcome 


Successful, temporary:* 
Definitive SUFGBIV .cusscieststcroburétdRm s 
FRO UM ciue pack X Lo X Ree dE 
GhemolhalBD. esse ztErie rd RO eara 
Resolution of edema or fistula ............... 
"ussage or calculis 6 ous seven de iik aasmw3 
Death from underlying tumor ................ 
Death from incidental disease ............... 


Successful, permanent£ ........ occus omo 
Unsuccessful: 
Surgical nephrostomy...................00.. 
Surgical nephrostomy and ureteral ligation 
Surgical nephrostomy and definitive surgery . . 
NO OOMS oueuszevatum PR ERU aeaa 


SUDIOTIT iuis ioa eei dE SR Ra Rad ados 


CD 

E 

c 

= 

© 

= 

=. 
on A ook 
oln|22m oliv +A +000 


* Drainage period, 6-305 days (mean, 42). 

t Two awaiting definitive surgery. 

t Drainage period, 4 months to 4 years. 

8 Placement failure in one kidney of a patient with bilateral ureteral obstruction. 
Nephrostomy of the other kidney was successful. 


TABLE 4 
Complications 


Complication mU 
Major: 
Pelvocalyceal blood clot retention ............. E 
Transient urinary peritonitis ................... 1 
Pyelonephritis due to catheter obstruction ...... 1 
SUDO ich ere CARA beeen ced eo d CERES 4 (8) 
Minor: 
Retroperitoneal urine extravasation ............ 1 
Retroperitoneal hemorrhage (small) ............ 1 
Temporary catheter dislodgement.............. 3 
Temporary catheter obstruction by debris ...... 3 
BUDTODL. ood E eo PEE ER x YEA d Nata de hanes 8 (15) 
FERRI ERPAT EX oc Pria EORR o 12 (23) 


Note. — Data on 53 procedures; numbers in parentheses are percentages. 
* Both procedures in the same patient (fig. 3). 


for percutaneous nephrostomy than azotemia in this 
and most other series, the results are the most gratifying 
(fig. 2). A septicemic patient, sometimes in gram-nega- 
tive shock, can recover clinical well-being and clear 
urine within hours of the procedure [25] when retrograde 
catheterization has or might have failed to bypass the 
obstruction. There should be no hesitation in performing 
percutaneous nephrostomy on patients with advanced 
pelvic malignancy when pyonephrosis, rather than ure- 
mia, is the indication. The coexistence of infection and 
azotemia usually increases the urgency of percutaneous 
nephrostomy. 

When there is no infection or azotemia, prompt surgi- 
cal correction of the obstruction is the rule. However, 


Amr 
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TABLE 5 
Review of Reported Percutaneous Nephrostomies 


LL —————— S o Um 
=" No. Ne- 
7 Technique and Reference phrosto- 


a mies 


Placement 
Failures 


Major Compli- 


: Patient Position 
cations 


Guidance System 





Catheter insertion through cannula/needle: 





Gesdwin et al. [1] ...... oor n 18 S 1 Measurement Prone 
DODD IO eee eee eee re rere eer 7 1 1 Measurement Prone oblique 
Oso al al. [11] ee ee 8 1 0 Fluoroscopy Prone 
Vela Navarette [12] ............ eee 15 0 0 Fluoroscopy Prone 
Masson and Bollack [18] ......... ere 10 0 0 Fluoroscopy Prone 
Pfister and co-workers [21; personal 
commurnieatlon] ccc an ences needa sane 65 0 6 Fluoroscopy Prone 
c V ae en rr ee eer ee eer er 123 7 8 (6) en et 
Flexible cannula left indwelling: 
I 387 Lee eee rer eee Cree tc eee 3 0 0 Measurement Prone 
Saxton eial. l 145)... ooo er kc eae 19 0 2 Fluoroscopy Prone 
Hatef [15]. ooscseves oxi hada Creare xor E aea a 12 1 1 Fluoroscopy Prone 
Almgard and Fernström [19] ..............-- 68 4 0 Fluoroscopy Supine 
Fernstróm and Johansson [20] .............. 3 0 0 Fluoroscopy Supine 
Fasern Belli. ..cossrer bi hera a ka a rae 9 0 0 Fluoroscopy Prone 
EM coa bnt p € arl breves d 114 5 3 (3) 
Catheter replacement of needle: 
Ext alal. 12] cocos Rh rtm hn 3 0 0 Fluoroscopy Prone 
Enea. M] uuoceserzeretienuuc tek 43 7 1 Fluoroscopy Prone 
Wplker [16] ...... o oorr 1 0 0 Fluoroscopy Prone 
Ulmsten and Molin [17] ........... eee 44 0 0 Fluoroscopy Prone oblique 
Foawlaret al. [B] ....eeees err n 42 5 2 Fluoroscopy Prone 
EMEN BE aL TOL conus pee par eaeraoven dees 22 2 0 Ultrasound Prone oblique 
Harris et al. [7] and Talner [8] ................ 27 1 1 Fluoroscopy, Prone, prone 
ultrasound oblique 
Dumont ot al. IU] iiocressexessoctsterercc ans 5 0 0 Fluoroscopy Prone oblique 
Pfister (personal communication) ............ 8 2 0 Fluoroscopy Prone 
Barbaric and Wood [22] ........ re 35 1 1 Fluoroscopy Supine oblique 
Haaga et al. [23] ............ nnn n 5 1 1 Computed tomog- Prone 
raphy 
Pt GER Los cerda dtu dete dubi edens 44 1 4 Fluoroscopy, Prone, prone 
ultrasound, oblique 
and both 
a e T. A Fae ends A EEP 279 20 (7) 10 (4) 
p icin a RA 516 32 (6) 21 (4) 


Note. — Numbers in parentheses are percentages. 


there are occasional indications for percutaneous ne- 
phrostomy: 

1. Expected brief duration of the obstruction, such as 
the postoperative edema found in one case of this series 
and in other series [22]. 

2. Uncertain functional capacity of the obstructed 
kidney. A period of nephrostomy drainage allows assess- 
ment of maximum recoverable renal function to guide 
the choice between reconstructive surgery and nephrec- 
tomy [1, 5, 15]. 

3. Adjacent bowel disease which precludes definitive 
surgery (as in one of our cases). 

4. Socioeconomic factors. Parents may wish to defer 
complex reconstructive surgery on a child until the 
school vacation, or until the next fiscal year because 
current insurance benefits are exhausted (as in one of 
our cases). 

There are several indications for percutaneous ne- 
phrostomy other than obstruction. 

Urinary fistulas. Although the results in ureteral or 


renal fistulas have been variable [5, 17], percutaneous 
nephrostomy is often worthy of trial, particularly if the 
fistula is associated with some degree of obstruction. A 
urine leak from one ureterosigmoid anastomosis in this 
series closed within 6 days of diversion by nephrostomy. 
Attempted control of another ureterosigmoid anasto- 
motic leak associated with an undilated pelvocalyceal 
system accounted for one of our failures; although the 
renal pelvis was catheterized, urinary drainage was ham- 
pered by the absence of resistance to ureteral outflow. It 
seems unlikely that a vesicovaginal fistula can be healed 
solely by percutaneous nephrostomy, but the one patient 
in our series showed resolution of a pronounced inflam- 
matory reaction and some decrease in size of the fistula, 
both facilitating the subsequent surgical repair. 

Drug instillation. Uric acid calculi have been dissolved 
by urinary alkalinization via percutaneous nephrostomy 
[15], probably at very low risk. Struvite (magnesium 
ammonium phosphate) calculi have been dissolved by 
hemiacidrin (Renacidin) [5; R. C. Pfister, personal com- 
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TABLE 6 
Major Complications of Reported Percutaneous Nephrostomies 








Complication No. 





Infection 
Exacerbation of pyonephrosis* (R. C. Pfister, 


, 


956. qim ww 3 dq woe o oS Bele 


Hematuria requiring transfusion LO EXTR 2 
Hematuria with clot retention [14; present se- 

a MERERI ORE CERRAR 3 

Large perirenal hematoma [14] 

Urine leak: 

Peripelvic fibrosis [15]........................ 1 
Transient urinary peritonitis (present series) ... 1 
Pneumothorax [23] ............................ 1 

Total 21 (4 96) 


Note. — Data from 516 reported procedures. There were no deaths reported. 
" Due to immediate diagnostic antegrade pyeloureterography. 
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Fig. 1.—76-year-old female with anuria, serum creatinine 12 mg/100 
ml, and previous right nephrectomy for uric acid calculi. Attempts at left 
retrograde ureteral catheterization were unsuccessful. A, Excretory uro- 
gram at 1 hr showing severe left ureteral obstruction. Percutaneous 
nephrostomy was performed without awaiting attempts to define site of 
obstruction on further delayed radiographs. B, Antegrade pyelouretero- 
gram performed 3 days later when serum creatinine had fallen to 3 mg/ 
100 ml. Distal left ureteral calculus (arrow) and multiple left renal calculi 
were removed subsequently. 


Fig. 2.—9-year-old female with fever and right flank pain. Percuta- 
neous nephrostomy was performed after excretory urography and ultra- 
sonography suggested obstruction of upper moiety of duplex kidney. 
Green pus was drained, with E. coli on culture, and the patient became 
afebrile within 24 hr. Subsequent antegrade pyeloureterogram confirmed 
marked dilatation of upper moiety renal pelvis (arrowheads) displacing 
lower moiety collecting system. Small upper moiety calyces (arrows) 
suggest renal dysplasia. Right partial nephrectomy and upper moiety 
ureterectomy were performed after 8 days of nephrostomy drainage. 


munication], but care should be exercised in the admin- 
istration of this solution which can be nephrotoxic [27]. 
Preferably two nephrostomies are required, one for in- 
flow and one for outflow of the irrigant (R. C. Pfister, 
personal communication). Administration of chemother- 
apy via percutaneous nephrostomy has been used for 
tumors causing obstruction [22] and deserves further 
study, particularly for inoperable urothelial tumors in a 
solitary kidney or ureter. 

Calculus extraction. This exciting new development 
has permitted removal of calculi up to 15 mm in diameter 
from the pelvis or calyces [20]. There will be need for 
restraint in the extension of this maneuver to upper 
ureteral calculi, most of which pass spontaneously. 


Technique 


Table 5 lists only some of the variations in technique 
employed. 

Preparation. No sedation is required for infants or 
adults, unless they are anxious or confused. Older chil- 
dren need heavy sedation or general anesthesia. If per- 
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Fig. 3.—68-year-old male with chronic renal failure (serum creatinine 
19 mg/100 ml) due to benign prostatic enlargement with severe bladder 
trabeculation. Bilateral percutaneous nephrostomy was performed with- 
out difficulty by puncture with 18 gauge Teflon-sheathed needles and 
replacement with no. 6.5 French polyethylene catheters. Usual traumatic 
hematuria failed to clear and urinary drainage decreased. Right ante- 
grade pyeloureterogram shows blood clots filling pelvocalyceal system 
and ureter; similar appearances were present on left side. After bilateral 
surgical nephrostomy and evacuation of blood clots, severe hematuria 
persisted for 2 weeks, necessitating blood transfusions and frequent 
catheter irrigations. No bleeding diatheses other than those associated 
with severe uremia could be identified. 


cutaneous nephrostomy is to be performed under fluo- 
roscopic guidance, intravenous urographic contrast me- 
dium may need to be administered many hours before 
the procedure, depending on the severity of the obstruc- 
tion. Frequently, the patient has just undergone the 
urographic examination from which the diagnosis of 
obstruction was established. 

Guidance. The original technique of blind puncture 
after measurement from bony landmarks is no longer 
acceptable. Most recent publications advocate either 
ultrasonographic control or fluoroscopy after opacifica- 
tion of the pelvocalyceal system by excretion urography. 
Our experience indicates that either method is adequate 
for moderately dilated pelvocalyceal systems, but a com- 
bination of the two using real-time ultrasound in the 





" 


Fig. 4.—28-year-old male with tuberculous right autonephrectomy, 
bladder contracture, strictures of left distal ureter and upper major calyx 
(arrow), and serum creatinine of 3 mg/100 ml. Percutaneous nephros- 
tomy of lower major calyx was performed without complication, even 
though catheter probably passed through tuberculous renal paren- 
chyma. 
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fluoroscopic room is preferable for more difficult cases. 
Ultrasonography provides precise measurements of the 
depth of the pelvocalyceal system in the posture to be 
used for puncture and directs selection of the puncture 
site if the kidney is poorly visualized by fluoroscopy. 
Fluoroscopy allows precise positioning of the catheter 
within the pelvocalyceal system, so as to minimize the 
risk of subsequent catheter displacement. The use of CT 
guidance for percutaneous nephrostomy [23] would 
seem cumbersome and expensive for routine use, but 
may prove helpful for puncture of undilated pelvocaly- 
ceal systems. 

Posture. There are no comparative studies of the four 
postures used (table 5). We had considered vertical 
puncture with the patient prone preferable for training 
of residents who have experience with this approach to 
renal mass puncture. However, our limited experience 
of the prone oblique posture suggests that it is no more 
difficult to learn. An oblique nephrostomy tract is more 
comfortable for the recumbent patient, since a less bulky 
dressing is required to prevent catheter kinking. 

Instruments. Three principles of instrumentation have 
been used (table 5). Most early descriptions of catheter 
insertion through a metal needle or a cannula involved 
very small catheters. Truss [24] inserted a no. 24 French 
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Fig. 5.— 14-year-old female with meningomyelocele, neurogenic blad- 
der, and multiple unsuccessful operations for urinary diversion. Right 
percutaneous nephrostomy was performed despite severe kyphosco- 
liosis and known presence of horseshoe kidney, and was converted to 
permanent nephrostomy with balloon catheter (arrow). Left kidney was 
unsalvageable. 


balloon catheter through a cannula but did not provide 
detailed results. More recently, Pfister and co-workers 
[21; R. C. Pfister, personal communication] reported 
excellent results in a large series using carefully ma- 
chined thin-wall cannulas, through which either no. 12 
or no. 8 French silastic catheters (no. 4 French in infants) 
are introduced. Retention of a flexible cannula inserted 
with a metal needle or trocar has also been used. 
Cannulas varied in size from 18 gauge [14] to 28-32 
French [13], usually with side holes. 

Replacement of the puncture needle by a catheter 
introduced over a guide wire has been the most widely 
used technique, both in this and other series. The cath- 
eters have usually been nos. 6-8 French polyethylene, 
with side holes and with distal curves varying from slight 
to pigtail. The introduction of a no. 12 French balloon 
catheter over a guide wire at the time of puncture was 
an important advance [9]. Because of critical mis- 
matches between the 1.14 mm guide wire and the dila- 
tors and catheter [9], we adapted the instrumentation to 
a 1.32 mm guide wire and a 15 gauge Teflon-sheathed 
needle; the results have been very satisfactory in the 10 
procedures performed to date. The stiffness of the 1.32 
mm wire aids passage of the catheter through an obese 
flank. 





The data in table 5 suggest that all three principles of 
instrumentation have merit; their complication rates are 
not significantly different. Selection of a specific tech- 
nique will be heavily influenced by the experience of the 
operator, as will the results. One advantage to the 
neophyte of needle replacement by a catheter is his 
familiarity with angiographic instruments. 

Subsequent care. Fixation of the catheter or cannula 
by tape or adhesive has been advocated [17], but has 
proved unreliable in our experience. We prefer skin 
sutures, preferably with braided nylon which produces 
less skin reaction than silk yet is as easy to tie. A 
generous dressing is applied. 

Diagnostic antegrade pyeloureterography should be 
deferred until the collecting system has decompressed, 
since the need for the information is seldom immediate. 
Overdistention of the collecting system by contrast me- 
dium can exacerbate an existing infection (R. C. Pfister, 
personal communication; table 6), presumably by extrav- 
asation of infected urine from the collecting system and 
increased bacteremia. Irrigations of the system with 
saline should prevent blood clot formation during the 
usual 24-48 hr period of traumatic hematuria. Subse- 
quent biweekly or weekly irrigations may minimize crys- 
tal deposition in the catheter. Administration of a urinary 
chemoprophylactic agent, such as nitrofurantoin, is ad- 
visable when the patient does not need antibiotic therapy 
for his underlying disease. 

Long term drainage of more than a month is best 
achieved by insertion of balloon catheters of at least no. 
12 French size. If a smaller catheter or cannula is used 
initially, the nephrostomy tract can be dilated [3, 19], 
usually on an outpatient basis. Once a permanent tract 
is established, preferably with a balloon catheter of 18- 
24 French size, regular monthly or bimonthly catheter 
changes can be accomplished by the patient's primary 
physician. 


Results and Complications 


Placement failure occurred in 6% of reported attempts, 
but many were in the earlier series; the 296 rate in our 
series and the 0%-3% rates of other recent large series 
[7, 22; R. C. Pfister, personal communication] are more 
representative. The success rate of percutaneous ne- 
phrostomy, in terms of goal achievement rather than 
catheter placement, could not be determined from the 
literature review, but the 9196 success in the present 
series is the /east that should be expected with current 
instrumentation and proper case selection. Two of our 
five failures occurred early in the series, and a third may 
have been an unrealistic endeavor. 

The incidence of major complications is 496 overall. 
The most frequent are symptomatic infections, and some 
are avoidable. Exacerbation of pyonephrosis can be 
eliminated by deferring full diagnostic antegrade pye- 
loureterography until the infection is under control. 
Catheter obstruction or dislodgement is less likely to 
occur with the newer techniques, and subsequent pye- 
lonephritis can be avoided by prompt replacement if 
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urinary drainage is still required. Severe hemorrhage 
and urine leaks are less readily prevented, but careful 
attention to patient apnea during the puncture, avoid- 
ance of through and through puncture, and frequent 
catheter irrigations will help. The absence of mortality 
compares favorably with the results of surgical nephros- 
tomy which had a mortality rate as high as 6% in a 
recent series [28]. 

Minor complications occurred in 16% of our series 
and 15% of published cases. Transient hematuria is so 
frequent after percutaneous nephrostomy that it should 
not be regarded as a complication. Careful suturing will 
avoid complete loss of the catheter. If a balloon catheter 
is not used, advancement of the catheter or cannula 
well into the pelvis or calyces will minimize the risk of 
dislodgement following decompression of the collecting 
system. Replacement of a dislodged catheter requires a 
fresh puncture unless the tract is well established. Cath- 
eter obstruction is less likely to occur with larger cathe- 
ters or cannulas containing side holes. Removal of the 
obstructing debris by irrigation or guide wire manipula- 
tion may suffice; otherwise the catheter must be re- 
placed. 

Small perinephric hematomas are found at 8% of 
subsequent operations or autopsies; usually the punc- 
ture site is inconspicuous [5]. Asymptomatic bacteriuria 
is common [5], as with any form of intubated urinary 
diversion. Wound infection is rare [17]. Perforation of 
the pelvocalyceal system [7, 9, 18] and catheter place- 
ment in the colon [19] or duodenum [7] have occurred 
without clinical sequelae. 


Contraindications and Limitations 


The only contraindication to percutaneous nephros- 
tomy is a severe bleeding diathesis. Proposed contrain- 
dications [7] include tuberculosis, perinephric abscess, 
and renal tumor. However, we have treated tuberculosis 
by percutaneous nephrostomy (fig. 4), Pfister and Stan- 
ley [29] drained a perinephric abscess percutaneously, 
and a number of workers are awaiting a case of unilateral 
renal transitional cell carcinoma suitable for topical 
chemotherapy administered via percutaneous nephros- 
tomy. Scoliosis and horseshoe kidney are not contrain- 
dications (fig. 5). The approach to a congenital pelvic 
ectopic kidney could be difficult, but our series contains 
one autotransplanted kidney treated successfully. 

The limitation of percutaneous nephrostomy is that it 
does not completely replace the surgical approach. Rea- 
sonable indications for surgical nephrostomy include (1) 
the need for nephrostomy at the time of exploratory 
laparotomy or other surgical procedures, and (2) a failure 
of percutaneous nephrostomy. 


Conclusions 


Percutaneous nephrostomy represents one of the most 
rewarding therapeutic procedures that the diagnostic 
radiologist has to offer. It should be available on a 24 hr 
basis in any major hospital. The vast majority of candi- 
dates for this procedure, some desperately ill and unfit 


for any surgical diversion, can be managed successfully 
without incident. 
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ADDENDUM 


Since the preparation of this manuscript, a successful percu- 
taneous nephrostomy has been performed on a renal allograft 
(Petrek J, Tilney NL, Smith EH, Williams JS, Vineyard GC: 
Ultrasound in renal transplantation. Ann Surg 185:441-447, 
1977). Also, five cases of ureteral splinting via percutaneous 
nephrostomy have been reported (Goldin AR: Percutaneous 
ureteral splinting. Urology 10:165-168, 1977). 
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Effect of Screen/Film Combinations on Diagnostic Certainty: Hi-Plus/RPL 
versus Lanex/Ortho G in Excretory Urography 


JOHN R. THORNBURY,’ DENNIS G. FRYBACK,? FRED E. PATTERSON? AND ROBERT L. CHIAVARINI' 


A method using radiologists’ subjective judgments was 
developed to compare the quality of the diagnostic image 
information from two different screen/film combinations (Hi 
Plus/RPL versus Lanex/Ortho G). A sample of 148 comparison 
film pairs was obtained in the course of performing 74 uro- 
grams using the two film/screen combinations. Each film pair 
was evaluated by three radiologists, using a blind film-reading 
format, in regard to: (1) anatomic diagnostic criteria visualiza- 
tion; (2) radiologic diagnostic certainty; (3) presence or ab- 
sence of quantum mottle; and (4) prediction of which film of a 
pair was the rare earth screen/film combination. 

There was a significant difference favoring Hi Plus/RPL in 
perceived quality of visualization of anatomic criteria. How- 
ever, the difference was more of statistical rather than practi- 
cal importance. Diagnostic certainty differed only marginally 
and slightly favored the Hi Plus/RPL combination. No signifi- 
cant differences in perception of quantum mottle were attrib- 
utable to either screen/film combination. Radiologists were 
able to correctly identify the screen/film combination a signifi- 
cant proportion of the time. Radiation exposure with the 
Lanex/Ortho G combination was about half that with the Hi 
Plus/RPL combination. In this study, this would seem to 
constitute the major factor in film/screen selection. 


Introduction 


The crucial question about a new imaging system is 
whether the radiologic image provides better diagnostic 
information for solution of patients’ clinical problems. 
This question of image diagnostic information content 
needs to be answered using data relevant to the everyday 
practice of radiology. To obtain such data requires a 
methodology that goes beyond physical measurements 
[1, 2] and takes into account the fact that the image is 
analyzed judgmentally by a radiologist to yield diagnostic 
information. 

One methodology that does this, in part, is analysis by 
receiver operating characteristic curves [3]. However, 
this type of analysis requires a known true diagnosis for 
each case evaluated, a requirement that is often not met 
in practice. Overall, a relatively small proportion of 
radiologic diagnoses are ever correlated with histologic/ 
pathologic information. The majority of patients do not 
undergo surgery, autopsy, or biopsy. 

Some progress has been made in quantifying radiolo- 
gists' subjective judgments of radiologic image "qual- 
ity." Most commonly these methods have emphasized 
anatomic elements of the image, image contrast, and an 
assessment of image “acceptability” [1, 4]. Lehr et al. 
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[5] described a method to measure the effect of film 
miniaturization on diagnostic accuracy. 

As an outgrowth of our investigations of the diagnostic 
process, we have developed a subjective judgment meth- 
odology that permits measurement of the effect of radio- 
logic image information on diagnostic certainty [6, 7]. It 
has been tested in day-to-day practice and laboratory 
experiments to quantify diagnostic judgments of radiol- 
ogists and referring physicians. Experience from these 
applications indicates the method is statistically valid 
and results are reproducible. 

Images from faster screen/film combinations, such as 
those using rare earth screens, can be effectively evalu- 
ated using this type of methodology. We have conducted 
an experiment comparing radiologic image diagnostic 
"quality" and its effect on diagnostic certainty in two 
film/screen combinations used in excretory urography: 
DuPont Cronex Hi Plus screen/Kodak X-OMat L (RPL) 
film and Kodak Lanex Regular screen/Kodak Ortho G 
film. 


Experimental Design 


In this study we compared radiologists subjective 
diagnostic judgments made from excretory urograms 
obtained using two different screen/film combinations. 
The Hi Plus/RPL system has been used for a number of 
years in the uroradiology suite at University Hospital. 
The Kodak Lanex/Ortho G system was made available to 
us for testing purposes and development of a subjective 
judgment comparison methodology in 1975. 

The Lanex/Ortho G system is designed to provide a 
film image comparable to that of systems like Hi Plus/ 
RPL but at about one-half the radiation dosage [8]. If it 
can be shown that diagnoses are unaffected by the use 
of either of these systems and one system involves 
considerably less radiation exposure than the other, 
then the choice between the two systems is clear. Stated 
in decision analysis terms, the diagnostic benefits are 
the same, but the cost in radiation exposure to the 
patient is less for the one combination. 

In practice, dollar cost must also be considered. The 
cost of the new system (Lanex/Ortho G) is about 90%- 
105% more than the older system for 14 x 17 inch and 
11 x 14 inch cassettes plus screens. Thus the reduction 
in radiation exposure with the new system is achieved at 
a higher dollar cost. The balancing of radiation exposure 
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TABLE 1 
Exposure Factors 


c” aaam Imma 


Lanex/Ortho G 


Factor 


Mean Maximum 
10 and 15 min 
films: 

Milliamperage ........ 280 300 

Time (sec) ............ 0.265 0.600 

(d OPETTI NS 73.6 180 

EN e EE EE di. peas 80.0 110 
Laminagrams: 

Milliamperage ........ 238 300 

Time (sec) ........... 0.749 1.0 

MAR EEEE T 162.3 300 

KM EE ET 75.9 90 


reduction with increased dollar cost is left to the individ- 
ual radiologist. Dollar cost was not included in our 
experimental design. 

The following specific questions were addressed by 
the study: 

1. Does the choice of either screen/film combination 
affect the radiologist's diagnostic certainty? 

2. Does the choice of either screen/film combination 
affect the quality of various radiographic diagnostic 
criteria as perceived by the radiologist? 

3. Is there a perceivable difference in “mottle” effect 
on films obtained with the two systems? 

4. Can enough image difference between the films be 
detected to allow identification of the screen/film com- 
bination used? 


Method 
Comparison Films 


Comparison film pairs for the two screen/film Systems 
consisted of 10 and 15 min films during excretory urog- 
raphy performed on 74 adult patients. If laminagraphy 
was included, a film pair was also obtained at one cut 
level. Patients younger than 35 years were excluded 
unless they had previous radiation therapy to the abdo- 
men or pelvis for malignancy. 

The sample of film pairs was reasonably representative 
of the urographic diagnoses encounted at University 
Hospital in terms of proportion of normal and abnormal 
diagnoses. A review of 6,606 urographic diagnoses in 
the period September 1970 through August 1971 showed 
93% normal and 47% abnormal [9]. Our series included 
48% normal and 52% abnormal diagnoses. 

All urograms in the study were performed using the 
same room and x-ray equipment. All examinations were 
performed by our chief technologist who has 10 years of 
experience in uroradiology. The choice of which system 
was used first in a film pair was randomized, with films 
being obtained in succession as quickly as possible. 
The technologist was instructed to adjust film exposure 
factors for the new system to produce an image that 
would closely match the familiar Hi Plus/RPL image in 
regard to contrast and density. During a previous pilot 
study in which the new system was tested at various 





Hi Plus/RPL 

Minimum Mean Maximum Minimum 
200 280 300 200 

0.067 0.514 0.800 0.250 
20 168.5 240 715 
64 ITA 96 68 
100 258 300 200 

0.400 0.746 1.0 0.400 
80 181.5 300 120 
64 81.8 100 70 





mAs and kVp settings, the technologist gained a good 
concept of image variation with change in factors. 

The Hi Plus/RPL techniques were the same as used 
for the previous 5 years with the aim of obtaining a fairly 
 contrasty" image by using the 70-80 kVp range as 
patient size permitted. Patient thickness, sex, age, reg- 
istration number, and exposure factors were recorded 
for all film pairs. For all filming, the following exposure 
factors were constant: generator, 300 mA, single phase; 
focal spot-film distance, 101.6 cm; filtration, 4 mm alu- 
minum; focal spot size, 2 mm; grid, 10:1 movable. Means 
and ranges of exposure factors are shown in table 1. 

On 27 of the 74 urograms, the same mA and kVp 
settings were used for both systems, and time was 
decreased by one-half for the Lanex/Ortho G. For the 
remaining 47 urograms, the most common change was 
to slightly increase the kVp for Lanex/Ortho G and keep 
mA constant while reducing exposure time. All film pairs 
were processed simultaneously (as soon as obtained) in 
an Eastman Kodak M4B processor converted to 90 sec. 

The comparison sample from the 74 urograms con- 
sisted of 62 pairs of 10 min films, 63 pairs of 15 min 
films, and 23 pairs of laminagram films. The film pairs 
were masked to hide all identifying marks and any 
difference in film size. The pairs were loaded on mecha- 
nized film viewers in random left-right order by persons 
other than the radiologists who participated in the study. 
Each film pair was marked only with a project code 
number. 


Judgmental Data 


Three radiologists (two senior staff, J. Thornbury and 
F. Patterson; and one senior resident, R. Chiavarini) 
independently reviewed the film pairs under experimen- 
tal "blind" conditions. Two sessions of about 4 hr each 
were required for completion of the review. For each 
film pair, the following information was recorded on a 
protocol form. 

Anatomic diagnostic criteria. For renal margins, par- 
enchyma, and collecting system, and ureters, bladder, 
ribs, liver edge, spleen edge, and lumbar spine the 
radiologist indicated on which film he considered the 
criterion to be better visualized. A choice was required 
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even if no difference was detected. If indeed there is no 
difference, then the two systems should be selected 
equally often—a statistically testable null hypothesis. 
Diagnosis. The radiologist stated his diagnosis (in- 
cluding ‘‘normal’’) and expressed his certainty in terms 
of percentage. This was done for each film pair using 
the percentage certainty to indicate whether the diag- 
nostic impression was "better" for one of the films. If 
the percentage certainty was the same for each film, 


. diagnostic quality was considered equal. The three ra- 


diologists had previous experience quantifying diagnos- 
tic certainty and were comfortable with the technique. 

Quantum mottle. Presence or absence of mottle was 
recorded for each film of a pair. If mottle was perceived, 
a choice was made as to whether it did or did not affect 
diagnostic certainty. Mottle was considered to be back- 
ground image noise or graininess. No visual standard 
for appearance of mottle was provided to the radiolo- 
gists; each drew on his own experience. 

Detection of new system. For each film pair the radiol- 
ogist indicated which film he thought was obtained 
using the Lanex/Ortho G system. 

The data sheet and film exposure factor information 
was then given to the mathematical psychologist on the 
study team (D. Fryback). He analyzed the data and tested 
for statistical validity. He had previously participated in 
the development of the experimental design and in a 
similar pilot project. 


Results 
Subjective Judgmental Data 


All three radiologists reported that the forced choice 
procedure for rating the quality of the nine criteria as 
visualized on the film pairs was “tiresome” because the 
distinctions were usually minimal. Hence being forced 
to pick the "better" film necessitated fine distinctions. 
As an example of the judgmental information required, 
the raw data for one case are included below. 

Representative case no. 28. This 44-year-old male had 
a body thickness of 23 cm. For both film/screen systems 
300 mA was used. Exposure time was '/4 sec for the 
Lanex/Ortho G system and '/» sec for Hi Plus/RPL; kVp 
was 80 and 76, respectively. Films selected for study 
were plain films taken 15 min after injection. The raw 
data are shown in table 2. 


Anatomic Criteria Visualization 


As demonstrated in table 2, the three radiologists did 
not always agree. Given the nature of the judgments 
required, this is not surprising. However, when the data 
are summarized for the sample as a whole, they are in 
substantive agreement. On the 10 and 15 min films, 
visualization of the nine anatomic criteria was judged 
better more often on the Hi Plus/RPL films. Averaged 
over all comparisons, Hi Plus/RPL was favored over 
Lanex/Ortho G 71.1% of the time. 

However, on the laminagram pairs, there was little 
difference in visualization of anatomic criteria between 
film/screen systems. The Lanex/Ortho G system was 


TABLE 2 
Judgmental Data for Representative Case 














Radiologist 
J.T. F.P R.C 
Film judged better 
for: 
Renal margins .... Left Right Right 
Renal parenchyma Left Right Right 
Renal collecting 
SVGIONM 1i cs ou Left Right Right 
DUrelole oon Left Left Right 
BIadget iuo n etm Left Left Right 
i re ear Left Left Left 
Liveredge........ Not Left Not seen 
seen 
Spleen edge ...... Not Left Left 
seen 
Lumbar spine ..... Left Left Left 
Mottle: 
J. ere TET None None None 
PIG: uvaxazaaxe xs None Slight; not None 
affecting 
certainty 
Diagnosis ..... re Normal Normal Normal 
Diagnostic certainty 
(96): 
Fo GE rere rT 90 95 60 
i ee ee 90 95 60 
Predicted Lanex/Or- 
tho G TM. aiei Right Right Right 





Note. —Lanex/Ortho G film was displayed on the right. 


TABLE 3 
x? Values for Criteria Judgments on 10 and 15 Min Films 














x? Value 
Criterion 

dT. F. P. R. C. 
Renal margins .... ur n RR 19.5 33.6 14.1 
Renal parenchyma ............ 23.2 37.9 15.0 
Renal collecting system ........ 33.5 41.2 11.4 
PGE al cere E app ds aor ons 25.6 17.1 11.5 
PIGS Lo cci xA CO AURA E ORE daa 43.4 72.0 18.9 
EUS RE US BT TT ELIT DL 9.5 3.8" 4.8 
Spleen edges ......... ersari np pA e ass 
Lumbar SONG iioi end 23.2 83.8 6.4 





Note. — All entries indicate preference for visualization using Hi Plus/RPL system 
Bladder not included on 10 min films. 

* Only nonsignificant value. x? value of 3.84 or greater required for significance at 
.05 level. 

t Not visualized frequently enough to compute. 


judged better in an average of 55.9% of the comparisons 
(not statistically significant). The judgmental data for 
visualization of the anatomic criteria were analyzed sep- 
arately for each radiologist using the x? test (table 3). 


Quantum Mottle Effect 


The radiologists were instructed to state whether they 
perceived mottle for each film and, if so, whether it was 
sufficient to affect diagnostic certainty. J. T. saw no 
mottle on 99.296 of the films. He perceived insignificant 
mottle on only two films. On the other hand, F. P. 
perceived only 28.6% of the films to be free of mottle. 
He considered mottle present and insignificant on 67.6% 
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of films and significant on 3.8% (i.e., certainty degrad- 
ing). R. C. perceived mottle on 7.4% of films, but never 
considered it serious enough to degrade diagnostic 
certainty. The identification of mottle was entirely inde- 
pendent of the screen/film system used. We conclude 
that the recognition of mottle is very likely idiosyncratic 
among radiologists. 


Detection of Lanex/Ortho G Film 


J. T. and F. P. both were able, on the average, to 
discriminate between the two screen/film combinations. 
J. T. correctly identified the Lanex/Ortho G for 83% of 
the film pairs and F. P., for 8596. However, R. C. was 
correct only 61% of the time. The x? tests for these 
identifications (computed analagously to those above) 
were highly significant for J. T. and F. P. (38.6 and 54.9, 
respectively), but not for R. C. (x? = 3.66, P > .05). 

The results were reversed for detection of the Lanex/ 
Ortho G film on laminagrams. J. T. and F. P. made 
correct identifications only 3596 and 4396 of the time, 
respectively. Because of the small sample size (23), the 
Fisher exact probability test was used to test these 
identifications. Results for J. T. and F. P. did not differ 
significantly from chance. R. C., who correctly identified 
75% of the laminagrams, did achieve the .05 level of 
significance. 


Diagnostic Certainty Judgments 


The primary purpose of the study was to determine if 
choice of screen/film combination affects diagnostic 
certainty. Our results show this to be marginally true. 
For 19 of the 148 film pairs reviewed, at least one 
radiologist reported a difference between the two films 
affecting his diagnostic certainty. The Lanex/Ortho G 
combination was favored in four cases, the Hi Plus/RPL 
combination in 15. One of the latter cases was attributa- 
ble to a grid artifact on the Lanex/Ortho G film. In no 
case did all three radiologists simultaneously note differ- 
ences in certainty. Only twice did two of them report a 
difference for the same film pair. 


Discussion 


Differences between films produced by the two com- 
binations were observed at several levels of judgmental 
aggregation. We found, at the lowest level, that radiolo- 
gists were able to perceive sufficient differences in the 
films to identify correctly the screen/film combination a 
significant proportion of the time. However, this ability 
also seems to be related to the experience of the radiol- 
ogist. No differences in reported quantum mottle effect 
were attributable to screen/film combination, although 
large differences were observed in frequency of reported 
mottle among radiologists. 

At a higher level, there was a significant difference in 
perceived quality of visualization for specific anatomic 
features important to radiographic diagnosis. However, 
these differences rarely affected diagnostic certainty. 


Furthermore, all three radiologists reported that per- 
ceived quality differences were very small, making the 
choice of better image a “nitpicking” task. We thus 
conclude that the "significant difference" (table 3) is of 
statistical rather than practical interest. That the Hi Plus/ 
RPL combination was generally favored over the Lanex/ 
Ortho G (except for laminagrams, where no differences 
were observed) may be in part a result of greater famil- 
iarity with the Hi Plus/RPL combination. 

The highest level of aggregation, that of overall diag- 
nostic certainty reported quantitatively by the radiolo- 
gists, does (though infrequently) seem related to screen/ 
film combination. Observed differences seem to margin- 
ally favor the Hi Plus/RPL combination. We believe that 
the amount of observed difference in diagnostic certainty 
will have little effect on clinical decisions and patient 
outcome compared to other sources of differences in 
diagnostic certainty. 

Variation in percentage certainty among the three 
radiologists viewing the same cases was common. From 
a previous study in which the same radiologists partici- 
pated, we know that all are relatively accurate in their 
certainty estimates; that is, if all of the proven cases in 
which the three radiologists gave a certainty of 75% for 
a specific diagnosis are reviewed, their diagnoses of 
that specific entity are correct in about 75% of the cases 
[10]. We also know from that study that their impressions 
of the degree of certainty that should be given to a 
particular diagnosis in a particular case will vary. 

We have said the effect of screen/film combination on 
diagnostic certainty was marginal. This term was used 
because the variability in diagnostic certainty attributa- 
ble to screen/film combination was substantially less 
than the variability in diagnostic certainties reported 
even by experienced radiologists. An example of this is 
illustrated by the 15 min film comparisons (data from 
two observers for simplification). 

For 60 of the 63 pairs of 15 min films, both J. T. and F. 
P. gave diagnostic certainty estimates (three cases had 
incomplete data). In nine of these cases, J. T. and F. P. 
favored different diagnoses. In 47 cases, the two radiol- 
ogists both favored the same diagnosis and neither 
changed his certainty estimate because of the screen/ 
film combination. For these 47 cases, the average differ- 
ence between diagnostic certainty estimates for the two 
was 7.496. 

In the remaining four cases, one or both radiologists 
gave a different diagnostic certainty estimate for one 
screen/film combination than for the other. For these 
four cases, the average difference in diagnostic certainty 
due to screen/film combination was 10%. Although di- 
agnostic certainty varied to this extent, the favored 
diagnosis was found not to vary because of screen/film 
combination. Furthermore, if all instances in which there 
was no difference in diagnostic certainty are included, 
the average difference in diagnostic certainty attributa- 
ble to screen/film combination is only 0.83%. 

On the basis of this type of analysis, we conclude that 
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interobserver diagnostic variability in our experiment is 
comparable to that well documented in the literature 
almost 20 years ago [11]. In addition, the diagnostic 
variability due to screen/film combination is less than 
that due to interobserver variability. Thus, in terms of 
the radiologic diagnosis and its certainty as reported to 
the referring physician, which radiologist interprets the 
films has much more potential effect than which screen/ 
film combination is used (i.e., 7.4% versus 0.83%). 

In view of the demonstrated marginal effect of screen/ 
film combination on diagnostic certainty, the relatively 
large difference in overall radiation exposure to patients 
seems to be the most important factor governing the 
choice of the two systems that we evaluated. Skin doses 
were calculated for all film exposures used for both 
screen/film combinations. Doses were determined from 
a curve generated by measuring mR/mAs at 5 kVp 
intervals over the range of kilovoltage used in the exper- 
iment. For plain films, the average skin dose required 
for the Lanex/Ortho G combination was 51% of the 
average skin dose required for the Hi Plus/RPL combi- 
nation. For laminagrams, the comparable average figure 
was 75%. 

It should also be noted that the radiation reduction 
accomplished in our study using Lanex/Ortho G was 
less than potentially available since the mAs was not 
halved in all patients as the manufacturer indicates is 
optimum. In our experience with medium and large- 
sized patients, images closely comparable to those with 
Hi Plus/RPL could not have been obtained using Lanex/ 
Ortho G without a simultaneous slight increase in the 
kVp. 

It should be pointed out that the study we conducted 
was done using only excretory urography as the exami- 
nation type. Whether our findings would hold in other 
examinations (e.g., chest, skeletal) is pure speculation 
in the absence of experimental studies in diagnostic 
certainty in these categories. 
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The Nasal Arteries 


ANNE G. OSBORN' 


Thorough knowledge of the normal gross and radiographic 
anatomy of the nasal fossa is a prerequisite for correct 
interpretation of external carotid angiograms in patients with 
lesions in or adjacent to the nasal cavity. This report describes 
in detail the normal gross and angiographic vascular anatomy 
of the nasal fossa. The appearance of the sphenopalatine 
artery and nasal branches of the ethmoidal arteries in a 
variety of lesions that affect the nasal cavity, nasopharynx, 
and adjacent structures is also discussed. Typical changes in 
acute rhinitis, sinusitis, sphenopalatine neuralgia, vascular 
malformations, neoplasms, and benign bulky nasal masses 
are illustrated. 


Introduction 


Superselective angiography and magnification subtrac- 
tion techniques have permitted progressively more ac- 
curate delineation of the small distal branches of the 
external carotid artery [1]. The role of these small vessels 
in the evaluation of superficial and deep facial pathology 
is becoming increasingly apparent. Allen et al. [2] have 
emphasized the importance of examining these distal 
branches of the maxillary artery in determining the na- 
ture, location, and extent of deep facial lesions. 

In the past, discussions concerning vascular lesions 
of the nose have focused primarily on the angiography 
of nasopharyngeal angiofibroma [3, 4] and acute epis- 
taxis [5-7]. While the role of the sphenopalatine and 
ethmoidal arteries in these disorders has been studied, 
there has been no comprehensive discussion of the 
normal gross and radiographic anatomy of the nasal 
vessels themselves. Nevertheless, thorough knowledge 
of the normal gross and angiographic vascular anatomy 
of the nasal fossa is a prerequisite for correct interpreta- 
tion of external carotid angiograms in patients with 
lesions in or adjacent to the nasal cavity. 

This report describes in detail the normal gross and 
angiographic vascular anatomy of the nasal fossa. The 
appearance of the sphenopalatine artery and nasal 
branches of the ethmoidal arteries in a variety of lesions 
that affect the nasal cavity, nasopharynx, and adjacent 
structures is also presented. The functional response of 
the nasal mucosal vasculature to drugs and allergic or 
inflammatory conditions is described. 


Normal Gross and Radiographic Anatomy 


The vascular anatomy of the nasal fossa is complex, 
involving both external and internal carotid arterial sup- 
ply. Five arteries supply the mucoperiosteum of the 
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nasal cavity [8-10]. The sphenopalatine artery is the 
most important of these vessels. 

The sphenopalatine artery originates from the third or 
pterygopalatine segment of the maxillary artery. Prior to 
its exit from the pterygopalatine (pterygomaxillary) fossa, 
the sphenopalatine artery occasionally gives origin to a 
posterior nasal branch. More commonly, it first exits 
from the superomedial aspect of the pterygopalatine 
fossa via the sphenopalatine foramen (figs. 1A and 1B). 
The sphenopalatine artery then enters the nasal fossa 
behind and slightly above the middle concha (fig. 1C). 

The sphenopalatine artery has two major groups of 
branches: posterior lateral nasal and posterior septal. 
The posterior lateral nasal arteries ramify over the nasal 
conchae, first giving off branches that supply the inferior 
turbinate and then giving rise to superior branches that 
supply the middle and superior turbinates (figs. 2A, 2B, 
and 3A). These lateral nasal branches also assist in 
supplying the maxillary, ethmoid, and sphenoid sinuses 

After giving origin to the posterior lateral nasal 
branches, the main trunk of the sphenopalatine artery 
continues medially along the roof of the nasal cavity. 
When it reaches the nasal septum, the sphenopalatine 
artery gives origin to its medial branches, the posterior 
septal arteries. These branches course anteriorly along 
the nasal septum (figs. 2C, 2D, and 3A). The most 
inferior of these septal branches becomes the nasopala- 
tine artery. This vessel runs through the incisive canal to 
become continuous with the greater palatine artery (fig. 
3B). Occasionally, small branches that course superiorly 
toward the cribriform plate can be visualized. These 
small branches anastomose with nasal branches of the 
ethmoidal arteries. 

The anterior and posterior ethmoidal arteries originate 
from the ophthalmic artery and send numerous small 
branches through the cribriform plate to anastomose 
with nasal branches of the sphenopalatine artery (fig. 
2B). This rich anastomotic network provides an impor- 
tant potential collateral pathway between the internal 
and external carotid circulations. 

Two other arteries also provide some blood supply to 
the nasal fossa. The terminal branch of the greater 
palatine artery enters the incisive foramen where it an- 
astomoses with the nasopalatine artery (a septal branch 
of the sphenopalatine artery) (figs. 2C and 2D). The fifth 
artery supplying the nasal fossa is the septal branch of 
the superior labial artery, which originates from the 
facial artery. This septal branch supplies the medial wall 
of the nasal vestibule (figs. 2C and 2D). 
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“Little's area" is a portion of mucosa on the anteroin- 
ferior wall of the nasal septum just above the intermaxil- 
lary bone (fig. 2C). This area is supplied by Kisselbach's 
plexus which in turn is composed of branches from the 
facial, sphenopalatine, and greater palatine arteries. 
Little'S area is a common site of nosebleed. 

While they are well visualized on anteroposterior an- 
giograms (fig. 3A), individual branches of the sphenopa- 
latine artery are difficult to identify on lateral external 
carotid angiograms. The posterior lateral nasal and the 
posterior septal branches course anteriorly along the 
lateral wall and septum of the nasal fossa (fig. 3B). 
These vessels are superimposed on the lateral view. The 
nasopalatine artery and its anastomosis with ascending 
branches of the greater palatine artery can sometimes 
be identified in the incisive canal (fig. 3B). 

The septal branch of the superior labial artery is rarely 
visible except under pathologic conditions (see fig. 9C). 


Fig. 1.—Sphenopalatine foramen. A, Lateral view. Sphenopa- 
latine foramen (/arge arrow) is seen within depths of pterygopa- 
latine (pterygomaxillary) fossa (small arrows). B, Base view. 
Large arrow passes through sphenopalatine foramen to enter 
nasal fossa behind middle turbinate (small arrows). C, Medial 
view, transected skull. Sphenopalatine foramen (arrow) is above 
and slightly behind middle turbinate. 


The nasal branches of the anterior and posterior ethmo- 
idal arteries are also not seen on routine normal internal 
or common carotid angiograms. However, the anasto- 
moses between these branches and branches of the 
sphenopalatine artery can be identified on specimen 
radiographs (fig. 2D). 

The five arteries discussed above provide a rich vas- 
cular network that supplies the nasal mucosa. In contrast 
to the usual segmental arrangement of arteriole-capil- 
lary-venule, venous sinusoids are interposed between 
the capillaries and venules. These sinusoids are sur- 
rounded by smooth muscle and are capable of vasocon- 
striction or vasodilatation [9]. 

The autonomic nervous system regulates the degree 
of nasal arteriolar vasodilatation or constriction as well 
as filling of the venous sinusoids. Therefore, the nasal 
mucosal vascular bed can adapt to a wide range in 
blood volume that accompanies a variety of functional 
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Fig. 2.—A, Anatomic sketch of lateral nasal wall and its vascular supply. 1 = posterior lateral nasal branches to the turbinates. Note extensive 
anastomoses of nasal branches of anterior and posterior ethmoidal arteries (2) with branches of sphenopalatine artery. Greater palatine artery (3) 
courses anteromedially toward incisive canal. B, Lateral radiograph of sagittal section of injected brain and facial structures in situ (about 1 cm left of 
midline). Note posterior lateral nasal branches to turbinates (arrows). C, Anatomic sketch of nasal septum and its vascular supply. 3 = greater palatine 
artery; 4 = posterior septal branches of sphenopalatine artery; 5 = nasopalatine artery; 6 = septal branch of superior labial artery. Little's area 
indicated by stippled circle. D, Lateral radiograph of midline sagittal section of injected brain and facial structures in situ. Numbers same as for C. (B 
and D courtesy of Prof. G. Salamon, Institute of Health and Medical Research, Marseilles, France) 


states. For example, the vascular bed of the nasal mu- 
cosa is erectile tissue and as such responds to stimuli 
that lead to erection of the penis or clitoris [8]. The 
nasal mucosal blood flow can also respond to a variety 
of drugs, allergic or inflammatory conditions, changes 
in activity level or temperature of the inspired air, pos- 
ture, and nasal obstruction [9]. The late arterial or early 
capillary angiographic phase reflects this broad range 
of normal mucosal blood flow. 

Angiography in the human subject usually reveals 
relatively sparse nasal vascularity (fig. 3). However, on 
occasion a distinct focal vascular blush can be observed 
(fig. 4). Sometimes the nasal mucosal blush is quite 
striking [10], erroneously giving the impression of a 
vascular lesion. | have seen several cases of acute 
rhinitis with a marked nasal vascular blush noted as an 


incidental angiographic finding. If necessary, repeat an- 
giography in such cases following administration of a 
topical vasoconstrictor to the nasal mucosa should sig- 
nificantly reduce the vascular blush. 


Pathologic Radiographic Anatomy 
Inflammatory Disease 


Nasal branches of the sphenopalatine artery assist in 
supplying the maxillary, ethmoid, and sphenoid sinuses 
(1, 8]. While they are normally quite inconspicuous on 
selective external carotid angiograms, the ethmoidal 
branches of the sphenopalatine artery may become quite 
prominent in acute inflammatory disease of the ethmoid 
sinus (fig. 5). Acute rhinitis may produce marked en- 
gorgement of the nasal mucosa itself; angiography in 
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Fig. 3.— Selective right external carotid angiograms, midarterial phase. A, Anteroposterior view. Posterior lateral nasal branch of sphenopalatine 
artery supplies inferior turbinate (1) and middle and superior turbinates (2). After giving off these lateral branches, main trunk of sphenopalatine artery 
continues medially where it terminates in its septal branch (3). 4 = sphenopalatine anastomosis with nasal branch of ethmoidal artery. B, Lateral view. 
Nasal branches of sphenopalatine artery (small arrows) course anteroinferiorly along septum and turbinates. Nasopalatine artery and its anastomosis 
with greater palatine artery in incisive canal are also seen (/arge arrow). 





Fig. 4. —Right common carotid angiogram, midarterial phase. Anteroposte- 
rior (A) and lateral (B) views show definite localized mucosal blush involving 
inferior and middle turbinates (/arge arrows). Note prominent sphenopalatine 
branches (small arrows). 
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Fig. 5.—Selective left external carotid angiogram, late arterial phase, in patient with acute ethmoid sinusitis. Anteroposterior (A) and lateral (B) 
views show unusually prominent ethmoidal branches of sphenopalatine artery (arrows). Patchy areas of vascular blush are also present. IO = 


infraorbital artery; MA — maxillary artery. Patient's nose at left. 





Fig. 6.— Left common carotid angiogram, late arterial phase, lateral 
view, in patient with acute rhinitis. Marked, diffuse mucosal hypervascu- 
larity is present (large arrows). Note prominent septal branch of superior 
labial artery (small arrows). 


such cases sometimes demonstrates a suprisingly prom- 
inent vascular blush (fig. 6). 


Sphenopalatine Neuralgia 


Sphenopalatine neuralgia is also termed Sluder's 
syndrome, Horton's histaminic cephalgia, or cluster 
headaches. The pain of sphenopalatine neuralgia is 
excruciating and paroxysmal. It occurs behind one eye 
and is associated with clinical signs of ipsilateral para- 
sympathetic discharge such as conjunctival injection, 
lacrimation, facial flush, and rhinorrhea. The syndrome 
occurs almost exclusively in males and usually involves 
the right side of the face [11]. 

Selective right external carotid angiography during an 
acute attack of sphenopalatine neuralgia in one patient 
disclosed an extreme example of nasal vascular blush 
(figs. 7A and 7B). The entire nasal mucosa showed 
prolonged marked vascular staining with definite venous 
pooling. One day (24 hr) after the application of topical 
cocaine to the nasal mucosa, the prominent blush dis- 
appeared and the vascular pattern returned to a more 
typical appearance (figs. 7C and 7D). 


Vascular Malformations 


Numerous authors have emphasized the importance 
of evaluating the external carotid circulation in the as- 
sessment of benign intracranial vascular lesions, such 
as arteriovenous malformation and carotid-cavernous 
fistula [12]. Most dural arteriovenous malformations that 
involve the external carotid artery derive their blood 








Fig. 7.—Selective right lateral external carotid angiograms in patient with sphenopalatine neuralgia. A, Early arterial phase showing enlarged 
sphenopalatine branches (arrows) and prominent mucosal hypervascularity. IO = infraorbital artery; MA = maxillary artery. B, Late arterial phase 
showing marked vascular stasis and venous pooling (arrows) in nasal mucosa. C, Early arterial phase 24 hr after application of topical cocaine. 
Patient was free of headache. Sphenopalatine branches appear normal. D, Late arterial phase after administration of cocaine. Prominent vascular 
nasal mucosal blush is no longer apparent. 





Fig. 8.—Selective left external carotid angiogram, midarterial phase, of dural arteriovenous malformation at skull base. A, Anteroposterior view 
clearly shows enlarged ethmoidal collaterals from sphenopalatine artery (arrows). B, On lateral view ethmoidal anastomoses are faintly visible (small 
arrow). Predominant vascular supply is via an enlarged artery of foramen rotundum (/arge arrows). IO = infraorbital artery; MA = maxillary artery. 
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supply from vessels other than the nasal arteries. How- 
ever, branches of the sphenopalatine artery and their 
ethmoidal anastomoses may occasionally contribute to 
vascular malformations at the skull base (fig. 8). 

Hereditary hemorrhagic telangiectasia (Rendu-OsSler- 
Weber disease) is a congenital disorder characterized 
by small arteriovenous fistulae or capillary telangiectases 
involving the skin, mucous membranes, and viscera [13]. 
This disorder is a rare cause of epistaxis. Selective 
external carotid angiography in these cases may disclose 
multiple small arteriovenous foci in the mucosa of the 
nasal fossa (fig. 9). 


Neoplasms 


With rare exceptions [14], most epithelial tumors in- 
volving the nasal fossa or nasopharynx are avascular 


Fig. 9.—A and B, Selective external carotid angiogram 
in patient with Rendu-Osler-Weber disease. Patient had 
epistaxis and melena. Anteroposterior (A) and lateral (B) 
views show multiple small arteriovenous fistulae or telan- 
giectases (arrows). IO = infraorbital artery; MA = maxillary 
ES artery. C, Selective injection of facial artery, lateral view. 
Small arteriovenous malformation is fed by hypertrophied 
septal branch of superior labial artery (arrow). (Case 
courtesy of Dr. T. H. Newton, University of California 
School of Medicine, San Francisco) 





and hence can be detected angiographically only by the 
displacement of otherwise normal vessels. However, a 
variety of nonepidermoid neoplasms may show signifi- 
cant neovascularity. The most common vascular neo- 
plasm in this area is the juvenile nasopharyngeal angio- 
fibroma [15]. While this lesion may derive its blood sup- 
ply from numerous sources, most angiofibromas are ini- 
tially supplied primarily by the ascending pharyngeal 
artery and hypertrophied branches of the sphenopalatine 
artery (fig. 10). Other less common vascular tumors in- 
volving the nasal fossa are hemangiopericytoma or 
hemangioendothelioma [16-18], esthesioneuroblastoma 
or neuroepithelioma [19, 20], and cavernous hemangi- 
oma [21]. Rarely, a nasal glomus tumor [22], glioma [23]. 
or primary meningioma [24] may occur as a vascular le- 
sion of the nasal fossa. 
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Fig. 10.—Selective external carotid angiogram, midarterial phase, 
lateral view, in patient with juvenile nasopharyngeal angiofibroma. En- 
larged branches of sphenopalatine artery supply lesion (small arrows). 
Note marked anterior displacement of third or pterygopalatine portion of 
maxillary artery (large arrow). 
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Fig. 11.— Selective external carotid angiogram, late arterial phase, 
lateral view, in patient with orbital rhabdomyosarcoma. Enlarged 
branches of sphenopalatine artery (small arrows) supply lesion (large 
arrows). 


Vascular neoplasms that are extrinsic to the nasal 
fossa may parasitize blood supply from the nasal arter- 
ies. Lesions such as orbital rhabdomyosarcoma (fig. 
11), retrobulbar meningioma, and planum sphenoidale 
or sphenoid wing meningioma (fig. 12) are illustrative 
examples. Metastatic disease to the nasal cavity is unu- 





Fig. 12.—Common carotid angiogram, midarterial phase, lateral view, 
of huge planum sphenoidal meningioma. Enlarged ethmoidal anasto- 
moses from sphenopalatine artery (arrows) supply lesion. (Case courtesy 
of Dr. Richard Flynn, St. Mark's Hospital, Salt Lake City, Utah) 
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Fig. 13.— Selective left external carotid angiogram, midarterial phase, 
anteroposterior view, in patient with biopsy-proven fibrous dysplasia of 
nasal septum. Large bulky lesion is moderately vascular (arrows) and is 
supplied by enlarged branches of sphenopalatine artery. 
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sual. | have encountered one example of a vascular 
renal cell carcinoma metastatic to the nasal septum. 


Intracranial Collateral Circulation 


Branches of the external carotid artery provide a vari- 
ety of potential anastomoses with the internal carotid 
circulation. The rich anastomotic network between nasal 
branches of the sphenopalatine and ethmoidal arteries 
can provide an important collateral pathway in the pres- 
ence of internal carotid artery occlusion. 


Epistaxis 


Of all cases of epistaxis, 9096 occur in Little's area 
and result primarily from atrophic rhinitis, hypertension 
and aging, or atherosclerotic disease involving the 
sphenopalatine artery [7, 8]. Many investigators have 
advocated angiographic evaluation of the maxillary ar- 
tery in difficult cases, particularly posterior epistaxis 
[25]. More recently, selective embolization procedures 
have been used in the treatment of recurrent or intracta- 
ble epistaxis [26]. 


Miscellaneous Lesions 


A variety of miscellaneous benign conditions affect 
the nasal fossa. While angiographic evaluation is unu- 
sual in such cases, selective external carotid angiogra- 
phy has been successful in the evaluation of benign 
bulky nasal lesions such as fibrous dysplasia (fig. 13). In 
this particular instance, the lesion was slightly vascular, 
and its extent was clearly delineated by superselective 
magnification subtraction angiography. 
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Intraarterial Cyanoacrylate: An Adjunct in the Treatment of Spinal/ 
Paraspinal Arteriovenous Malformations 


C. W. KERBER,' L. D. CROMWELL ? AND P. E. SHEPTAK? 


Arteriovenous malformations are difficult lesions to treat 
whether surgical or catheter occlusive therapy is used. If the 
major feeders are ligated or blocked, other arteries open 
quickly to supply the malformation. Isobutyl 2-cyanoacrylate, 
deposited with a calibrated leak balloon microcatheter, has 
given satisfactory short term improvement in both the signs 
and symptoms of two patients with spinal arteriovenous mal- 
formations. Superselective placement of the catheter system, 
a provocative test perfusion of the arteriovenous malforma- 
tion and its supplying vessels before the actual occlusion, 
and high quality fluoroscopy and angiographic equipment 
added to the safety of the procedure. No long term results 
are available, but this system may prove itself another tool in 
the catheter therapist's armamentarium. 


Introduction 


Recent reports have shown the effectiveness of particu- 
late emboli introduced through an angiography catheter 
to occlude the blood supply of arteriovenous malforma- 
tions [1-11]. Unles the particles penetrate deeply into 
the malformation, other feeding arteries subsequently 
enlarge and symptoms may recur. Doppman et al. [12] 
and Sano et al. [13] have emphasized the need to 
occlude the smallest vessels within the malformation; to 
accomplish this, they have suggested injecting silicone 
rubber to form an intravascular cast. 

We have explored the use of isobutyl 2-cyanoacrylate 
(Ethicon Corp., Somerville, N.J.) to form such an intra- 
vascular cast [14. 15]. It polymerizes almost immediately 
upon contact with blood, forming a tenacious, dense 
vascular plug which becomes infiltrated with fibrous 
tissue [16]. 

Arteriovenous malformations which impinge upon or 
are located within the spinal cord have been difficult to 
treat by any means. This preliminary report describes 
two patients in whom isobutyl 2-cyanoacrylate was deliv- 
ered by a percutaneously placed microcatheter into each 
spinal malformation. 


Case Reports 
Case 1 


W. H., a 23-year-old male, presented with decreasing strength 
and sensation in his lower extremities. First evaluated 2'/2 years 
before this admission for subarachnoid hemorrhage, he was 
found to have an arteriovenous malformation of the spinal cord 
at the T6 level which was removed surgically. He developed a 
cerebrospinal fluid fistula and paraplegia; his back was reex- 
plored, the cerebrospinal fluid leak was repaired, and his 
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paraplegia gradually improved to the point where he was able 
to walk again. Four months before this admission, he had a 
second subarachnoid hemorrhage with almost complete para- 
plegia, but recovered and in 1'/2 weeks was walking again with 
only slight impairment of his balance and slight decrease of 
sensation in his lower extremities. There was some compromise 
of bowel and bladder function, with constipation and also 
difficulty in starting his urinary stream. 

Physical examination showed an alert, oriented male with 
normal cranial nerves and upper extremity strength and re- 
flexes. Babinski sign was not present, and the strength in his 
lower extremities was moderately decreased. Vibratory sense 
from the iliac crest down was markedly decreased, as was 
pinprick below the T3 dermatome. 

A no. 5.8 French polyethylene catheter was placed in his 
supreme thoracic artery via the femoral approach, and angiog- 
raphy was again performed to demonstrate the feeding vessels 
to the arteriovenous malformation (fig. 1A). The lesion was felt 
to be at least partly in the ventral cord and thus not suitable for 
surgery. 

Through the large catheter, a balloon microcatheter was 
placed by a technique described elsewhere [14]. The balloon 
was inflated and the lesion was perfused for 10 min with 
radiographic contrast agent as a provocative test (fig. 1B). The 
patient, awake, had no change in neurologic status. Then 0.6 
ml of tantalum-impregnated isobutyl 2-cyanoacrylate was in- 
fused through the microcatheter (fig. 1C). The microcatheter 
was removed, and follow-up angiography was performed (fig. 
1D). 

Postoperatively, the patient required small amounts of mor- 
phine to control back pain, and was discharged from the 
hospital, ambulatory, 3 days later. After 6 months follow-up, he 
has slightly diminished strength in his lower extremities and 
still some decreased sensation to pinprick. 


Case 2 


J. T., a 47-year-old female, had numerous arteriovenous 
malformations, with the largest extending through the soft 
tissues of her rib cage and abdomen on the right. Most of it 
had been excised in the past. On this admission, she com- 
plained of leg weakness, loss of sensation from her nipples 
caudad, and difficulty urinating. She felt that the deficits were 
worsening rapidly. A spinal cord angiogram done elsewhere 
showed a large spinal cord and paraspinal arteriovenous mal- 
formation fed by two small feeders from the right T5 and T6 
intercostal arteries and by one major feeder from the left 
supreme thoracic artery (fig. 2A and 2B). The majority of the 
malformation was thought to be paraspinal. 

Physical examination revealed a moderately obese lady in no 
acute distress, alert, and oriented. There was slight left facial 
weakness (peripheral) secondary to prior surgery for facial 
arteriovenous malformation. There were surgical scars over the 
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s malformation at T6 level. Right posterior oblique view, subtraction film, of selective injection 
into main feeder of malformation. A, Catheter (C) is in main feeder. B, After 1 sec extent of dilated venous aneurysm can be appreciated. C, Balloon 


Fig. 2.— Case 2: spinal and paraspinal arteriovenou 


microcatheter (arrows) has been placed into feeder. D, After provocative test, cyanoacrylate impregnated with tantalum has been deposited (arrows) 


Note outline of tortuous feeding vessel. 








«— 
Fig. 1.—Case 1: recurrent anterior spinal cord arteriovenous malformation. Frontal view, subtraction films except for C. A, No. 5.8 French catheter 


(C) is in supreme thoracic artery. Multiple small feeders and enlarged anterior spinal artery (open arrows) supply malformation (closed arrows) at 
about T4 level. B, Balloon microcatheter (open arrows), injected through no. 5.8 French catheter perfuses malformation (closed arrows) with contrast 
agent during provocative test. b — balloon. C, Cyanoacrylate impregnated with tantalum has been deposited and microcatheter withdrawn. Polymer 
has not entered malformation, blocking only afferent vessels up to point of malformation. D, Follow-up angiogram. Selective injection into supreme 


thoracic artery now shows better filling of soft tissue radicles and no filling of malformation. 
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right thorax. Her motor strength was moderately decreased in 
both legs, but slightly more on the left. Reflexes in the legs 
were abnormally increased bilaterally. Cerebellar testing was 
normal. She had a sensory level beginning at the T8 dermatome, 
but had intact position sensation. Her gait was slow, and she 
limped because of weakness and also because of an old 
amputation of the right foot for clubfoot. 

With fluoroscopic control, a no. 5.8 French polyethylene 
catheter was placed in the two smaller feeders, and 0.5 mm 
silicone spheres were instilled. The patient tolerated this pro- 
cedure well and returned 2 days later for the second stage of 
embolization. 

Through another puncture site, a no. 5.8 French polyethylene 
catheter was placed in the supreme thoracic artery. Through 
this, the balloon microcatheter was injected (fig. 2C). A 10 min 
provocative test was performed by infusing contrast agent into 
the malformation. She experienced no change in neurologic 
status, and 0.3 ml of isobutyl 2-cyanoacrylate impregnated with 
tantalum dust was infused (fig. 2C). A follow-up angiogram 
showed no filling of the malformation. 

She began to recover sensation and some strength within 
hours after the procedure. Three months after therapy her 
condition was stable, but strength and sensation were still 
below normal. Less than 1 year later she returned with partial 
recurrence of symptoms. Repeat angiography showed no de- 
monstrable arterial supply to the arteriovenous malformation. 
Gas myelography outlined a complete block. Exploratory sur- 
gery showed an epidural mass which was removed. Microscopic 
examination showed the mass to be composed of numerous 
thick hyperplastic arteries, all with obliterated lumens. After 
surgery she improved considerably. 


Discussion 


If arteriovenous malformations are to be cured with 
catheter occlusive techniques, it is probably necessary 
to do more than plug the major feeding vessels [12, 13]. 
Theoretically, the production of an intravascular cast 
Seems to offer the best chance of total obliteration, 
because the smallest vessels of the malformation and its 
vascular bed become filled with adhesive. 

Isobutyl 2-cyanoacrylate has certain advantages as an 
agent for this technique. It is quite thin and will therefore 
pass through microcatheters. Delivered with the cali- 
brated leak balloon microcatheter, it is controllable and 
can be placed as selectively as desired. It polymerizes 
on contact with blood or endothelium, forming a tena- 
cious, dense plug which can be made radiopaque by the 
addition of tantalum dust. In the body, it is quickly 
invaded by fibrous tissue [16]. 

This polymer also has disadvantages, however. No 
long term studies of its effects in humans are available, 
and it is still an experimental drug, obtainable only with 
permission of the Food and Drug Administration. Its 
rapid polymerization is difficult to control, and consid- 
erable laboratory experience is necessary before it may 
be used safely in humans. Despite these disadvantages, 
it has worked satisfactorily in our patients. 

Several important aspects which made the procedure 
safer should be stressed. First, good subtraction angio- 
grams, preferably with primary geometric magnification, 
are essential to evaluate the feeders and the blood 
supply to the spinal cord for treatment planning pur- 


poses. Second, a good fluoroscope with high quality 
image amplification and capable of magnification adds 
immeasurably to the safety of the procedure. Electronic 
fluoroscopic subtraction is desirable. The microcatheter 
and balloon are small and difficult to see, and progres- 
sion of the occlusion must be monitored continuously. 
Finally, the balloon microcatheter allows a test perfusion 
for a period of time before actually occluding the malfor- 
mation permanently. This provocative test combines 
ischemic insult with chemical injury from the contrast 
agent and gives some indication of the short term effects 
of obliteration of that vessel group. The test is not ideal, 
since contrast agent is neurotoxic and could theoreti- 
cally cause more damage than the cyanoacrylate. This 
has not been the case though, and since the patients 
are examined awake, neurological status can be moni- 
tored and the infusion stopped should it become neces- 
sary. 

The time of follow-up on these patients is short, and 
no claim of cure is made. The treatment described did 
stop the progression of symptoms, and a cautious ap- 
praisal of neurological status suggests that at least short 
term improvement has occurred. 
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Pluridirectional Tomography in the Evaluation of Pituitary Tumors 


ROBERT B. GEEHR,’ WILLIAM E. ALLEN, Ill,^ STEPHEN L. G. ROTHMAN,' AND DENNIS D. SPENCER? 


A series of 110 patients with suspected pituitary tumors 
was recently evaluated by endocrinologic and neuroradiologic 
studies. Of the 77 patients in this series who underwent 
surgery, 74 had confirmed pituitary adenomas, two had supra- 
sellar tumors of the infundibulum, and one had an empty 
sella not previously diagnosed at pneumoencephalography. 
All 17 patients with normal plain skull films but abnormal thin 
section tomography who underwent surgery had documented 
pituitary tumors. This includes six patients who presented 
with amenorrhea and/or galactorrhea and normal baseline 
serum prolactin levels; the only abnormality was found on 
tomography of the sella. In the preoperative evaluation of 
these patients, pluridirectional tomography of the sella was 
the most sensitive indicator of intrasellar pathology. 


The obvious radiographic findings of pituitary adenomas 
are well known [1, 2]. Recent advances in endocrine 
evaluation and radiographic technique have supple- 
mented the plain skull film findings, enabling diagnosis 
and treatment of tumors of the pituitary at a much earlier 
stage. A growing body of literature concerns the diag- 
nosis of small pituitary adenomas, or microadenomas. 
The early diagnosis and treatment of these tumors is 
important to avoid irreparable damage to the remaining 
normal pituitary gland. 

A significant group of patients presents with only 
minor endocrine and radiographic abnormalities [3, 4]. 
Most are women with menstrual irregularities and im- 
paired fertility; some have clinical evidence of galactor- 
rhea. The role of prolactin-secreting pituitary adenomas 
is becoming increasingly recognized in the pathogenesis 
of this amenorrhea-galactorrhea syndrome [3-7]. The 
radiology of these tumors is often subtle and not appre- 
ciated without the aid of thin section tomography [3]; 
the importance of correlating endocrine and radio- 
graphic changes has been stressed. With the advent of 
trans-sphenoidal surgery, the accurate diagnosis of 
these tumors is underscored, since surgical treatment 
with low morbidity can now be offered [8, 9]. This re- 
port describes our recent experience with a series of pa- 
tients with pituitary adenomas in whom endocrine data 
could be correlated with radiographic findings, particu- 
larly subtle tomographic changes. 


Subjects and Methods 


A group of 110 patients with suspected pituitary tumors was 
recently evaluated by endocrinologic and neuroradiologic stud- 
ies. Most of these patients were referred by the departments of 
neurosurgery, and obstetrics and gynecology. Initially plain 
films of the sella were obtained for all patients. When sellar 
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abnormalities were detected on plain films, thin section tomog- 
raphy was performed to define the extent of bony erosion and 
the surgical anatomy of the sphenoid sinus. Patients with 
normal plain films underwent tomography to detect subtle 
abnormalities of the sella. Tomography was performed at 1 mm 
intervals in both the anteroposterior and lateral projections 
using hypocycloidal motion. The anterior sella floor was better 
defined on tomography in the Towne projection, which places 
the area of interest on a plane perpendicular to the tomographic 
section. The criteria used for diagnosing early tomographic 
abnormalities were thinning of the lamina dura or focal erosion 
of the sellar floor with or without asymmetric expansion (figs. 
1B and 1C). 

The majority of patients with tomographic abnormalities un- 
derwent careful endocrine evaluation, including the following 
tests: routine blood chemistry, thyroid function, glucose toler- 
ance, insulin tolerance, dehydration, gonadal function, metyra- 
pone, L-dopa, thorazine stimulation, dexamethasone suppres- 
sion, and assays of prolactin, growth hormone, plasma cortisol, 
adrenocorticotropic hormone, and urinary steroids. Most also 
underwent pneumoencephalography with tomography. About 
half of this group underwent surgical exploration. The remain- 
der are currently being followed or treated medically. 

Three dried skull specimens evaluated by thin-section pluri- 
directional tomography were used as controls. In addition, 
three patients of a comparable age with no evidence of pituitary 
dysfunction were studied in a similar manner. 


Results 


The series was divided into four major classes on the 
basis of radiographic findings and alterations in pituitary 
function (table 1): 

Class |. All patients with abnormal plain skull films. 
regardless of the endocrine findings. 

Class ll. Those with normal plain skull films but abnor- 
mal thin section tomography of the sella and abnormal 
endocrine studies. 

Class Ill. Patients with normal plain skull films and 
abnormal tomography, but normal baseline endocrine 
studies. 

Class IV. Those with normal plain skull films and 
tomography, but abnormal endocrine studies. 

Within each class, patients were further subdivided by 
symptoms: (1) menstrual irregularities and/or galactor- 
rhea, termed the amenorrhea-galactorrhea syndrome; 
(2) acromegaly; and (3) miscellaneous symptoms includ- 
ing headaches, visual disturbances, panhypopituitarism, 
and Cushing's syndrome. 

In class | (abnormal skull films), patients were distrib- 
uted relatively evenly among the three subgroups: amen- 
orrhea-galactorrhea, 26%; acromegaly, 32%; miscella- 
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Fig. 1.—Normal and abnormal tomograms. A, Normal lateral tomo- 
graphic section of sella showing intact lamina dura of uniform thickness. 
B, Lateral tomogram of sella in 23-year-old female with galactorrhea 
showing early thinning of lamina dura of anterior floor (arrows). C, 
Tomogram in 20-year-old female with history similar to patient in B 
showing more advanced changes with both erosion and expansion of 
anterior floor of sella (arrows). 




















Fig. 2.—Patient with amenorrhea and galactorrhea. A, Lateral coned 
view of sella turcica showing well defined floor of sella which appears 

normal. B, Corresponding lateral tomogram showing early expansion 1 
and erosion of floor of sella (arrows). f 


neous symptoms, 42%. The majority of patients in class 
Il (71%) and all 15 patients in class Ill had the amenor- 
rhea-galactorrhea syndrome. The latter group included 
one male with galactorrhea. Although the plain skull 
films in classes Il and Ill were normal, thin section 
tomography was abnormal (fig. 2). The abnormalities of 
the sella were primarily asymmetric and in some cases 
were demonstrated only on two or three adjacent 1 mm 
tomographic sections (fig. 3). 

In class Il patients with the amenorrhea-galactorrhea 
syndrome, the major endocrine abnormality was an ele- 
vated baseline prolactin level (above 25 ng/ml); patients 
in this classification with clinical manifestations of acro- 
megaly all had elevated serum growth hormone levels. 
All patients in class Ill had normal baseline serum prolac- Y 
tin levels. Six had elevated prolactin levels following 
insulin stimulation and two others had a blunted growth 
hormone response. One patient had a blunted cortisol 
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TABLE 1 
Distribution of Cases 


























Class 
Findings = 
| T I IV 
No. patients ......... 73 17 15 5 
Radiology: 
Skull films ......... Abnormal Normal Normal Normal 
Tomograms ....... Abnormal Abnormal Normal 
Endocrinology ....... Abnormal Normal Abnormal 
Symptoms: 
Amenorrhea-galac- 
torrhea .......... 19 (26) 12 (71) 15 (100) 2 (40) 
Acromegaly ....... 23 (32) 5 (29) 0 0 
Miscellaneous ..... 31 (42) 0 0 3 (60) 
Note.— Numbers in parentheses are percentages. 
TABLE 2 
Amenorrhea-Galactorrhea Syndrome 
Findings 
Study 
Normal Abnormal Not Done 
BRUIT Lass re xe d exactes 29 (60) 19 (40) 0 
TOMODE iis cere xxx Rm CÓ R 2 (4) 46 (96) 0 
Endocrine profile ................ 19 (40) 26 (54) 3 (6) 
Pneumoencephalogram .......... 26 (54) 19* (40) 3 (6) 
BIN. Las a dcioc p RU de Ra 0 261 (54) 22 (46) 


Note.— Data on 48 patients. Numbers in parentheses are 
* Six with empty sella. 
t One with a suprasellar tumor. 


response to insulin stimulation as the only endocrine 
abnormality, and one had been treated for hypothyroid- 
ism for many years. Class IV consisted of five patients: 
two with Cushing's syndrome, two with the amenorrhea- 
galactorrhea syndrome, and one male with panhypopi- 
tuitarism and elevated prolactin levels. 

Of the 73 patients in classes l-Illl who underwent 
surgery, all but one had documented pituitary adeno- 
mas. One patient had an empty sella, not previously 
diagnosed by pneumoencephalography because air 
failed to enter the arachnoid diverticulum. In the 15 
patients whose only abnormality was an abnormal sella 
tomogram (class Ill) two had the empty sella syndrome 
on pneumoencephalography. Of the remaining patients, 
six underwent transsphenoidal surgery, and each had a 
pituitary adenoma. Among class IV patients (normal 
tomography), two had suprasellar tumors involving the 
infundibulum, and the two with Cushing's syndrome had 
small intrasellar microadenomas. The fifth patient in this 
group has not had surgery. 

In our series, 48 patients had menstrual irregularity 
and/or galactorrhea (table 2). Of these, 29 had normal 
plain skull films, two had normal thin section tomogra- 
phy, and 19 had normal baseline serum prolactin levels. 
Pneumoencephalography was abnormal in 19, including 
six with an empty sella. Of the 26 patients with abnormal 
tomography who underwent surgery, all had docu- 


percentages. 


mented pituitary adenomas. One patient with amenor- 
rhea and galactorrhea had normal thin section tomog- 
raphy and a small suprasellar mass on pneumoenceph- 
alography which proved to be a hamartoma of the pitu- 
itary stalk. None of the patients in the control group had 
abnormalities on tomography of the sella. 


Discussion 


Once pituitary tumors reach the stage where they 
Cause gross sellar enlargement and erosion, striking 
endocrine changes, and suprasellar extension on pneu- 
moencephalography, their diagnosis is seldom difficult. 
In our study, the patients in class | demonstrated these 
marked abnormalities. Excluding those with empty sel- 
las, the majority had surgical confirmation of large pitui- 
tary adenomas. The remaining three classes represent 
those with more subtle radiologic and endocrine abnor- 
malities. 

Class Il included a group of patients with tumors 
which fit the criteria of prolactin-secreting microadeno- 
mas [3, 4]. Most were women with amenorrhea, some 
with galactorrhea, and all with baseline prolactin levels 
of over 25 ng/ml. Despite normal plain films of the sella, 
all showed abnormalities on thin section tomography 
consisting of thinning or irregularity of the lamina dura 
or focal erosion of the sellar floor with or without 
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Fig. 3.— Pluridirectional tomographic sections demonstrating asym- 
metric expansion of sellar floor in woman with amenorrhea. A, Antero- 
posterior projection showing sloping of sellar floor to right and erosion 
of right side of floor. B, Normal lateral tomographic section of left 
portion of sella. C, Lateral tomogram of right portion of sellar floor 
demonstrating expansion and erosion (arrows). 


asymmetric expansion. In some, the abnormality could 
be demonstrated only in two adjacent tomographic sec- 
tions, which emphasizes the importance of carrying out 
tomography of the sella in 1 mm intervals. None of these 
patients had an empty sella, despite reports in the 


literature of the coexistence of empty sellas with hyper- 
prolactinemia [10-12]. Each patient who underwent 
surgical exploration had pathologic confirmation of a 
pituitary adenoma. 

Class lll consisted of 14 women with amenorrhea and/ 
or galactorrhea and one male with galactorrhea; all had 
normal baseline prolactin levels. Stress testing with 
insulin resulted in abnormal rises in serum prolactin in 
only six patients and changes in growth hormone in two 
others. Otherwise, the only significant abnormality in 
this group of patients was a subtle change on the thin 
section tomogram. Despite the lack of elevated baseline 
prolactin levels, the presence of a pituitary adenoma 
was confirmed in every patient who underwent surgery. 
This group of patients is not well recognized in the 
literature, though there have been some individual re- 
ports [5, 13]. Thus women with menstrual irregularities 
may harbor pituitary tumors which are manifested only 
on meticulous thin section tomography. 

There were few patients in class IV. Of the three 
patients in this group with elevated serum prolactin, two 
underwent surgery; nonadenomatous suprasellar tumors 
were found in each case. The hyperprolactinemia pre- 
sumably resulted from interference of stalk function 
rather than from autonomous hypersecretion of prolactin 
by the tumors [3]. 

When patients with the amenorrhea-galactorrhea syn- 
drome are considered as a group (table 2), certain 
findings are significant. While 6096 of these patients had 
normal plain skull films and 40% had normal baseline 
serum prolactin levels, only 4% had normal thin section 
tomograms of the sella. In other series [7, 12, 13], a 
large percentage of such patients were found to have 
normal sellas on both plain films and tomography. This 
difference may be related to our use of meticulous thin 
section pluridirectional tomography at 1 mm intervals. 

Exploratory surgery was performed in 54% of these 
patients. All but one had documented pituitary adeno- 
mas. Though volume determination was difficult be- 
cause of the fragmented nature of the surgical speci- 
mens, surgical reports indicate that most of these tumors 
occupied at least 40%-50% of the pituitary fossa, despite 
subtle tomographic abnormalities. 

A larger percentage of patients with menstrual irregu- 
larities may harbor pituitary adenomas than has been 
previously recognized, but their diagnosis requires at- 
tention to subtle tomographic abnormalities of the sella. 
Furthermore, our experience suggests that thin section 
tomography is the most sensitive indicator of the pres- 
ence of an intrasellar mass. It is particularly useful in 
evaluating patients with minimal endocrinologic abnor- 
malities. However, despite this sensitivity, the abnormal 
thin section tomogram still reflects late changes of intra- 
sellar pathology. 
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Computed Tomographic Brain Scanning in Intraparenchymal Pyogenic 
Abscesses 


EDWIN A. STEVENS," 2 DAVID NORMAN,’ RICHARD A. KRAMER,’ ALBERT B. MESSINA 
AND THOMAS H. NEWTON' 


Retrospective analysis of 25 pyogenic brain abscesses 
diagnosed by computed tomography (CT) revealed relatively 
specific morphologic characteristics of these infections. The 
ability to obtain an early accurate diagnosis resulted in a 
dramatic decrease in patient morbidity and mortality. Re- 
peated examinations by CT permitted close monitoring of the 
response of the abscess to antibiotic therapy. In some in- 
stances the need for surgical intervention was eliminated or 
the surgical approach was modified as a result of these 
studies. 


Successful therapy of pyogenic brain abscesses depends 
on early diagnosis and accurate localization [1, 2]. Com- 
puted tomography (CT) allows early detection and accu- 
rate characterization of these lesions, which was not 
always possible using other diagnostic techniques [3, 
4]. Review of a large series of CT scans in patients with 
pyogenic brain abscesses revealed relatively specific CT 
scan characteristics. Scans were performed with an EMI 
41/2 min scanner using a 160 x 160 matrix. CT scanning 
proved to be the most sensitive presently available 
method for the detection of brain abscesses. In some 
instances, the need for surgical intervention was modi- 
fied or obviated by the CT findings. 


Materials and Methods 


The CT scans of 22 patients with 25 intracranial pyogenic 
abscesses were reviewed. Surgical confirmation of the ab- 
scesses was obtained in 19 of the 22 patients. The capsule was 
completely excised in five of the lesions. The three patients 
who had no surgical intervention were treated with antibiotics 
on the basis of clinical findings, CT scan, and positive blood 
cultures. 

No underlying etiology could be determined in 13 patients. 
Cyanotic congenital heart disease was probably the cause of 
abscess in five patients. Three had previous intracranial sur- 
gery, and one had direct intracerebral extension from frontal 
sinusitis. 

All CT scans were performed before and after intravenous 
contrast administration. All adult patients received 34-42 g of 
iodine (meglumine iothalamate or methyl glucamine diatrizoate). 
Six children received 4 ml/kg of 30% or 2 ml/kg of 60% 
meglumine iothalamate as an intravenous bolus prior to the 
contrast scans. Measurements were taken from the Polaroid 
image and corrected for minification. Sequential CT examina- 
tions were performed on 17 patients to evaluate response to 
surgery and/or antibiotics. All 22 patients underwent at least 
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one additional neurodiagnostic procedure. Nineteen patients 
had ??"Tc radionuclide brain scans and 15 had cerebral angiog- 
raphy. 


Results 


On precontrast scans, 24 of the 25 lesions appeared 
as areas of relatively low absorption (M = 4-17). The 
remaining lesion contained air. Two lesions were sur- 
rounded by a rim of increased absorption (M — 20-22). 
After intravenous administration of contrast material, 
enhancement of an oval or circular rim 3.3-6.6 mm thick 
occurred in all lesions. Thirteen of these rims (48%) 
were of uniform thickness. The other 12 (48%) demon- 





Fig. 1.—Right frontal brain 
abscess. Note thinning of medial 
abscess wall. 


Fig. 2.— Three noncontiguous brain abscesses (arrows) without (left) 
and with (right) contrast material. Additional lesion was present on more 
cephalad level. 
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strated thinning on the medial aspect (fig. 1). The inner 
margins of the rim were smooth in 20 of the lesions 
(8096) on the CT scan showing the greatest abscess 
diameter. In six patients (26%) the lesions were multisep- 
tated. One patient had four noncontiguous lesions (fig. 
2). 

Intravenous contrast administration did not alter the 
appearance of the low density centers which measured 
3-22 mm in diameter. In 20 lesions (8096), the outer 
margins of the rims were surrounded by irregular frond- 
like areas of low absorption (M = 14-18) which were 
rarely uniformly concentric and are presumed to repre- 
sent edema. There were 21 lesions at or near the corti- 
comedullary junction (fig. 1). Two were located deep 
within the white matter and two within the deep gray 
matter. Eleven of the abscess cavities were situated in 
the frontal lobe, seven in the parietal lobe, three in the 
occipital lobe, one in the temporal lobe, two in the basal 
ganglia, and one within the cerebellar hemisphere: 


Representative Case Reports 
Case 1 


Two weeks before admission, a 13-year-old boy had fever, 
headache, rhinorrhea, and a tonsillar exudate which was treated 
with oral penicillin. The patient was subsequently admitted 
because of progressive weakness of the right leg over a 24 hr 
period. Physical examination revealed a tonsillar exudate, mild 
weakness of the right arm and leg, and a right Babinski reflex. 
Cerebrospinal fluid was clear with 23 lymphocytes, four poly- 
morphonuclear leukocytes, and normal glucose and protein. 
Serial CT scans showed evolution of a left frontal low density 
area (fig. 3A) to a lesion with an enhancing rim (figs. 3B and 3C). 

At surgery, a well encapsulated abscess gravity was totally 
excised. Aerobic and anaerobic cultures were negative. The 
patient is alive and well with no apparent sequela at present. 


Case 2 


A 22-year-old man with known transposition of the great 
vessels and a ventricular septal defect developed severe head- 
ache 20 days before admission. Neurologic examination was 
normal. A ??"Tc brain scan obtained 2 days before admission 
revealed a large area of radionuclide uptake in the right occipital 
lobe. On admission the patient was lethargic, nauseated, and 
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Fig. 3.—Case 1. Development of 
abscess on sequential contrast-en- 
hanced scans. A, Day 1. Low density 
area in left frontal lobe representing 
cerebritis. B, Day 8. Development of 
thin enhancing capsular rim charac- 
teristic of encapsulated brain ab- 
scess. C, Day 15. Enlargement of 
lesion. At surgery, sterile encapsu- 
lated abscess removed. 





Fig. 4.— Case 2. Multiloculated right parietooccipital brain abscess in 
patient with known cyanotic congenital heart disease (contrast-enhanced 
scans). 


vomiting. Physical examination revealed a loud systolic murmur 
and no fever. The neurologic examination including visual 
fields was normal. CT scan showed features highly suggestive 
of a parietooccipital abscess (fig. 4). 

Antibiotic and steroid therapy was initiated. Two days later, 
the patient was noted to have a left lower homonymous quad- 
rantanopsia. Angiography revealed an avascular mass with a 
capsule stain in the right occipital lobe. The abscess cavity was 
aspirated. No organisms were recovered on multiple cultures. 
The patient has a residual left homonymous hemianopsia but is 
otherwise well 1 year after discharge. 


Case 3 


A 69-year-old man had a left posterior parasagittal menin- 
gioma excised 6 years prior to admission. He noted increased 
frequency of headaches and a progressive right hemiparesis 3 
weeks before admission. Spiking temperatures to 38.5°C oc- 
curred during hospitalization. Sputum, blood, and urine cul- 
tures were negative. ??"Tc brain and bone scans showed in- 
creased uptake at the previous surgical site, suggesting recur- 
rent meningioma. Angiography demonstrated a large avascular 
left parietal mass. Despite metallic surgical clip artifacts, the 
CT scan revealed a large left parietal mass with an enhancing 
rim and low density center (fig. 5). The appearance was thought 
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Fig. 5. — Case 3. Parafalcine abscess associated with dural patch placed 6 years earlier after removal of falcine meningioma. A, Dense areas laterally 
(arrows) are associated with surgical clip artefact. Patient was initially treated by surgical drainage (B), then followed for 4 weeks while on antibiotic 
therapy (C and D). Note air-pus level (C and D) and progressive decrease in the size of abscess cavity. 


to be atypical for meningioma, and the possibility of abscess 
was suggested. 

At surgery, an empyema associated with a silastic dural 
implant placed at the time of the initial meningioma resection 
was found. Cultures were negative. After drainage, the patient 
was placed on antibiotic therapy. A CT scan performed 2 weeks 
later showed a biloculated parietooccipital abscess. Reexplora- 
tion confirmed the two cavities, which were then drained and 
irrigated. Sequential CT scans over a 3 week period demon- 
strated a marked reduction in size of the abscess cavity. Com- 
plete surgical excision of the abscess was eventually achieved, 
leaving the patient with a mild right hemiparesis. 


Discussion 


Trauma, direct extension from infected sinuses, pul- 
monary infections, cyanotic congenital heart disease, 
and generalized septicemia with or without endocarditis 
are the most common etiologic factors which may ac- 
count for intracerebral pyogenic abscess. In about 13%- 
25% of all cases, no etiologic factor can be determined. 
In 20%-39% the abscess is sterile. 

Pathologically, most abscesses are located at or near 
the corticomedullary junction [5], a finding noted in 72% 
of our cases. Thinning of the abscess capsule on the 
side adjacent to white matter was frequently shown on 
CT and may be related to relative hypovascularity of this 
region. Medial thinning of the abscess capsule (48% of 
our patients) may account for the tendency of pyogenic 
abscesses to rupture into the ventricular cavities. In the 
five abscesses which were excised intact, the wall thick- 
ness of the capsule was identical to that measured on 
the CT scan. In the presence of gas-producing orga- 
nisms, gas may be demonstrated in the abscess cavity. 
The presence of gas in a frontal lobe abscess in one of 
our patients was secondary to communication with the 
frontal sinus rather than a gas-producing organism. In 
another case, the presence of an open surgical drain 
was responsible for an air-pus level within the cavity 
(fig. 5). 

CT findings on the contrast-enhanced scan of a multi- 
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Fig. 6.—Left parietooccipital actinomycosis abscess secondary to 
acinomycotic infection of elbow (contrast-enhanced scans). Note thick 
irregular walls and relatively small low density center (arrow). (Courtesy 
of Dr. Leo Chang, San Francisco) 


loculated abscess with relatively thin walls, smoother 
inner margins [6], and medial thinning of the capsule 
strongly suggest an abscess. Our limited experience 
with granulomatous infections of the brain (20 cases) 
suggests that these lesions have thick irregular margins, 
tend to be smaller than pyogenic abscesses, and cavitate 
only if larger than 2 cm in diameter [7] (fig. 6). Gliomas 
can appear as multiseptated lesions with a low density 
center. However, both the inner and outer tumor walls 
are usually irregular and nodular (fig. 7). Multiplicity, a 
rare finding in gliomas, occurs in about 5%-30% of 
abscesses [1, 8]. Metastatic malignancies may be multi- 
septated and have thin rims with low density centers 
(fig. 8). Rarely, a recent intracerebral hemorrhage or 
infarct which enhances with contrast material will also 
have a low density center and thin contrast-enhanced 
rim [9]. Clinical information is paramount in cases which 
have a confusing appearance on CT scan. 
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Fig. 7.—Right temporal lobe glioma. Although walls are slightly 
thicker and more nodular, differentiation from brain abscess on CT 
appearance alone would be difficult. 


Fig. 8.— Metastatic breast car- 
cinoma. Multiloculated lesion 
would be difficult to differentiate 
from abscess. Nodularity of me- 
dial walls might suggest tumor. 





In three adults, response to antibiotic therapy was 
carefully monitored by means of CT and surgery avoided. 
Evolution of cerebritis to an enlarging encapsulated 
abscess despite antibiotic therapy indicates the need for 
surgery (case 2). The response of an abscess to surgical 
drainage can also be accurately followed with CT (fig. 5). 

CT represents a relatively simple procedure by which 
an abscess can be localized and its capsule defined. 
Although angiography will often show the mass effect of 
an abscess, the presence of a capsule rim can be 
accurately demonstrated in only 20%-33% of cases [1, 
4, 8, 10, 11]. In addition, the multiseptated character of 
the abscess cannot be delineated nor can the relative 
mass effect of edema be differentiated from that of the 
abscess. Although radionuclide scanning is accurate in 
80%-100% of cases [10-13], the scintigraphic pattern is 


nonspecific. In addition, cerebritis cannot be differen- 
tiated from an encapsulated lesion. 

In contrast to the 17%-53% mortality rate reported in 
recent literature [1, 3, 5, 6, 8, 14-17], there was no 
mortality in this series of 22 patients. The ability of CT to 
provide an early diagnosis as well as close monitoring 
of the patient's course has contributed significantly to 
the improved clinical results. 
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Computed Tomography in the Evaluation of Sarcomatous 
Tumors of the Thigh 


GERALD WEINBERGER" ? AND E. MARK LEVINSOHN' 


CT examination of a soft tissue mass in the lower extremity 
adds substantially to a more precise preoperative histologic 
diagnosis and anatomic localization of the lesion. An appreci- 
ation of the normal cross-sectional anatomv of this region is 
essential for adequate evaluation of the information provided 
by the CT scan. Four patients with sarcomatci s tumors involv- 
ing the soft tissues of the thigh are describec and the diagnos- 
tic information provided by CT is discussec. In two of these 
cases anatomic cross sections are correla ed with the CT 
scan. 


While computed tomography is a well stablished mo- 
dality for evaluating intracranial lesions, its application 
to other anatomic regions is unsettled [7-3]. Our experi- 
ence with CT in tissue masses of the lower extremity has 
shown this diagnostic method adds scnificantly to a 
more precise anatomic localization and nistologic diag- 
nosis. When used to evaluate a soft tissue mass of the 
lower extremity, CT adds substantially te a more precise 
histologic diagnosis and anatomic locaton. 

We have used CT to study four patiens with sarcoma- 
tous tumors involving the soft tissues ef the thigh. In 
three cases, the radiologic workup also ncluded periph- 
eral angiography. In two, anatomic cress sections are 
correlated with the CT scans. 


Case Reports 
Case 1 


A 27-year-old male was admitted with a rrzss on the antero- 
medial aspect of the upper right thigh. The mass was first 
noticed 3 months prior to admission, and, tzllowing a 1 week 
episode of tenderness, caused the patient re subsequent dis- 
comfort. On examination, the mass measused 8 x 8 cm, was 
fluctuant in consistency, and nontender ‘© palpation. Two 
episodes of trauma were sustained to this area 2 years earlier; 
however, no sequellae were noted to persist. 

Anteroposterior and lateral radiographs of the right femur 
demonstrated a poorly defined soft tissue mass on the medial 
aspect of the distal thigh. Peripheral arteriography demon- 
strated a hypovascular mass without evidence of neovascularity 
or tumor stain. CT examination of this region showed a soft 
tissue mass infiltrating the deep border of the sartorius muscle 
(fig. 1A). The mass, composed of several cystic areas, extended 
into the fat-filled region between the sartorws muscle, vastus 
medialis muscle, femoral sheath, semimer»oranosus muscle, 
and gracillis muscle (fig. 1B). 

A photograph of the surgical field showed the mass lying 
just beneath the reflected sartorius muscle (^. 1C). Histologic 


Received August 8, 1977; accepted September 21, 1977. 


examination of the excisional biopsy revealed synovial cell 
sarcoma. A cadaver section at a similar level demonstrates the 
normal anatomy of this region (fig. 2). In the absence of 
detectable metastases, it was decided that hip disarticulation 
followed by chemotherapy was the treatment of choice. 


Case 2 


A 29-year-old male with known neurofibromatosis was admit- 
ted complaining of a painful, rapidly enlarging mass on the 
posteromedial aspect of his distal right thigh. On examination 
a firm, tender mass measuring 10 x 6 cm was palpable. Antero- 
posterior and lateral radiographs demonstrated a poorly defined 
soft tissue mass with no evidence of bony involvement. Periph- 
eral femoral arteriography showed a hypervascular mass sup- 
plied by branches of the popliteal, superficial femoral, and 
deep femoral arteries. Neovascularity and a dense, nonhomo- 
geneous tumor stain were appreciated (fig. 3A). 

CT examination of the lower thigh showed a large soft tissue 
mass which obliterated the deep aspect of the sartorius muscle 
and displaced it posteriorly and medially (fig. 3B). After contrast 
enhancement, the attenuation of some areas of the soft tissue 
mass increased considerably, indicating its vascular nature. 
Situated between the semimembranosus muscle and the biceps 
femoris muscle was an ovoid mass which occupied the normal 
position of the sciatic nerve (fig. 3B). The mass was much 
larger than expected, suggesting nerve involvement with neu- 
rofibromas. 

Histologic examination of the biopsy specimen revealed a 
pleomorphic sarcoma. The tumor did not respond to a 2 week 
trial of radiation therapy, and a right hip disarticulation was 
performed. A cross section of the amputated specimen and a 
corresponding CT scan showed the tumor to be posterior to 
the vastus medialis muscle and anterior and deep to the sarto- 
rius muscle. The sartorius muscle was splayed and displaced 
posteriorly (fig. 3C). The variable attenuation of the x-ray beam 
on the contrast-enhanced CT scan and the nonhomogeneous 
stain on angiography corresponded to the necrotic area seen 
on the pathologic section. The ovoid soft tissue mass suspected 
on CT to be an enlarged sciatic nerve was diagnosed histologi- 
cally as a plexiform neurofibroma of this nerve. 


Case 3 


A 16-year-old male presented with a soft tissue mass on the 
medial aspect of his right lower thigh. The mass had developed 
over the previous 3 months and on admission measured 10 x 
15 cm. On examination the mass was firm and nontender to 
palpation. 

Angiography demonstrated a moderately vascular mass 
which derived its blood supply from both the deep and superfi- 
cial femoral arteries. Neither neovascularity nor definite tumor 
staining was identified. 
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Fig. 2.—Anatomic cross section of normal cadaver thigh approxi- 
mately 9 cm above tibial plateau, corresponding to case 1. VI — vastus 
lateralis muscle, Vm = vastus medialis muscle, Sa = sartorious muscle, 
G = gracillis muscle, Sm = semimembranosus muscle, St = semitendi- 
nosus muscle, Bf = biceps femoris muscle, a = femoral artery, v = 
femoral vein, n = sciatic nerve, F = femur. 





.B 


Fig. 1.— Case 1. A, CT scan of distal thigh demonstrating soft tissue 
mass (T) obliterating deep border of sartorius muscle (SA). Mass occu- 
pies space between sartorius muscle, vastus medialis muscle (Vm), 
femoral artery (a), semimembranosus muscle (Sm), and gracillis muscle 
(G). F = femur, v = femoral vein, St = semitendinosus muscle, Bf — 
biceps femoris muscle, VI — vastus lateralis muscle. B, Expanded image 
of mass (T, arrows) and adjacent structures. Note multicystic nature of 
the mass causing obliteration of deep border of sartorius muscle (Sa). 
C, Photograph of surgical field showing reflected sartorius muscle (Sa) 
and multicystic mass (T) beneath it. 
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Fig. 3.—Case 2. A, Lateral subtraction radicc raph of superficial 
femoral angiogram demonstrating vascular mass with neovascularity 
and nonhomogeneous tumor stain. B, CT scan showing large soft tissue 
mass (T) obliterating deep border of sartorius musc e (Sa) and infiltrating 
fatty area deep to it. Large ovoid mass (n) between semimembranosus 
muscle (Sm) and biceps femoris muscle (Bf) represents plexiform neuro- 
fibromas of sciatic nerve. F = femur, Vm = vastus medialis muscle, G = 
gracillus muscle, v = femoral vein, a = femore artery, VI = vastus 
lateralis muscle. C, Sectioned pathologic specime corresponding to B. 


CT examination of this region demonstrated a 6.6 x 7.1 cm 
mass located in the medial aspect of the right thigh (fig. 4). The 
relative density or attenuation coefficient of Mis mass was +22 
compared to the attenuation coefficient of tt= patient's normal 
muscle which measured +58. The mass infil ated the adductor 
magnus and vastus medialis muscles, displaced posteriorly the 
semitendinosus muscle, and extended to the femur. 

Pathologic examination of the excisiona biopsy revealed a 
neurogenic sarcoma. On reviewing the surgical specimen, it 
was determined that the margins of resecticr were inadequate; 
the patient was returned to surgery for ex sion of the entire 
adductor magnus muscle. 
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Case 4 


A 13-year-old male had a short history of a painful mass in 
his right thigh. Anteroposterior and lateral radiographs demon- 
strated an invasive lesion of the distal femur with an associated 
poorly defined soft tissue mass. Laminated periosteal new bone 
was also seen. The mass was biopsied and a diagnosis of 
Ewing's sarcoma was made. Subsequent workup demonstrated 
diffuse bone marrow metastasis; the patient was started on 
chemotherapy 3 weeks later. Within 24 hr he developed diffuse 
intravascular coagulopathy and complained of worsening pain 
and swelling about the knee. 
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Fig. 5. — Case 4. Expanded CT image demonstrates mass (T, arrows) 
lying deep to sartorius muscle (Sa) and between semimembranosus 
muscle (Sm), vastus medialis muscle (Vm), and femur (F). Periosteal 
new bone is present. G = gracillis muscle, Bf = biceps femoris muscle. 


A CT examination 1 month after the initial biopsy demon- 
strated a mass deep to the sartorius muscle lying between the 
semimembranosus muscle, vastus medialis muscle, and the 
femur. Periosteal new bone was noted (fig. 5). The tumor 
proved resistant to all drugs, and 2 months later an amputation 
above the knee was performed. 


Discussion 


Clinical experience with CT scanning in the evaluation 
of lower extremity masses is limited [4-6]. Our experi- 


Fig. 4.— Case 3. CT scans of right 
and left distal thigh. Large soft tissue 
mass (arrows) distal right thigh dem- 
onstrates diminished attenuation 
coefficient compared to normal mus- 
Cle. 


ence indicates that the cross-sectional view shown by 
CT gives important additional information previously 
unavailable. 

In our cases, CT enabled the preoperative delineation 
of tumor margins. The proximity of these tumors to the 
neighboring muscles, nerves, and blood vessels is best 
appreciated when the area is viewed in cross section. 
Unsuspected soft tissue abnormalities, such as a plexi- 
form neurofibroma of the sciatic nerve as seen in case 
2, may be identified preoperatively. When coupled with 
a fuller understanding of the normal anatomy of the 
thigh, CT provides a more precise definition of the 
anatomic extent of soft tissue tumors of the thigh and 
the relationship of these tumors to contiguous struc- 
tures. 
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Mammographic Spectrum of Traumatic Fat Necrosis: The Fallibility of 
Pathocnomonic" Signs of Carcinoma 


LAWRENCE W. BASSETT,’ RICHARD H. GOLD,’ AND HARVEY C. COVE? 


Five cases are presented which illustrate the spectrum of 
mammographic features of traumatic fat recrosis. The ap- 
pearances vary from one indistinguishable fom carcinoma to 
single or multiple lipid-filled cysts with or without calcified 
walls. Branching, rodlike, or angular micrccalcifications as- 
sociated with fat necrosis may resemble ‘he calcifications 
associated with carcinoma. A location close to the skin or 
areola is a clue that the lesion may have resulted from blunt 
or surgical trauma. A review of these cases leads us to the 
important conclusion that while breast carcinoma in some 
cases has characteristic radiographic findis3s, there are no 
“pathognomonic” findings. 


Introduction 


Traumatic fat necrosis of the breast is ¢ nonsuppurative 
inflammatory process which may result in any one ofa 
variety of radiographic appearances, ane or more of 
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which may be confused with carcinoma both clinically 
and radiographically [1, 2]. Five cases of traumatic fat 
necrosis from the UCLA mammography clinic are de- 
scribed. Each case reveals radiographic features differ- 
ent from those found in the other four and together 
illustrate a broad mammographic spectrum of traumatic 
fat necrosis. 

The spectrum of mammographic features includes: (1) 
a spiculated density indistinguishable from carcinoma 
(case 2); (2) associated localized thickening and deform- 
ity of the skin, which may further raise the suspicion of 
carcinoma (case 2); (3) branching, rodlike, or angular 
microcalcifications resembling those found in associa- 
tion with carcinoma (cases 1 and 5); and (4) single or 
multiple benign-appearing lipid-filled cysts with or with- 
out calcified walls (cases 3 and 4). As demonstrated by 
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Fig. 1.—Case 1. A, Angular and rodlike microcalcifications in proxim- 
ity of walls of cystic masses containing material of lipid density. Nipples 
and areolae are retracted, signifying desmoplastic response. Pathologic 
diagnosis was bilateral fat necrosis. B, Close-up revealing similarity to 
carcinoma calcifications. 


‘Department of Radiological Sciences, UCLA S=^nool of Medicine, Los Angeles, California 90024. Address reprint requests to L. W. Bassett. 
2Department of Pathology, UCLA School of Med cine, Los Angeles, California 90024. 


Am J Roentgenol 130:119-122, January 1978 
© 1978 American Roentgen Ray Society 


119 


0361-803X/78/0100-0119 $02.00 


120 BASSETT ET AL. 


the illustrative cases, these features may appear alone 
or in almost any combination. 

Clinically, fat necrosis may be entirely asymptomatic 
and without abnormal physical findings, or it may result 
in an indurated mass sometimes accompanied by ecchy- 
mosis, retraction, or thickening of the overlying skin, 
and symptoms of pain and tenderness. The lesion char- 
acteristically is situated near the skin or areola, since 
these are the sites within the breast that are the most 
vulnerable to trauma. The palpable mass may enlarge 
slowly over a period of weeks and may or may not 
undergo spontaneous regression. 

Fat necrosis occurs most often in the fatty, pendulous 
breasts of middle-aged women. Although a history of 
trauma is elicited in only about 40% of cases, most 
cases are probably of traumatic origin with the traumatic 
event having been forgotten [3]. Indeed, as illustrated in 
three of our five cases, the "traumatic" event is fre- 
quently a surgical procedure. 


Case Reports 
Case 1 


A 60-year-old woman had bilateral retroareolar masses which 
were firm and movable. Bilateral reduction mammoplasties had 
been performed 7 months earlier. Mammography revealed sim- 
lar findings in both breasts: multiple rodlike and angular 
microcalcifications, many of which appeared to reside in the 
proximity of the wall of a cystic, retroareolar mass containing 
material of lipid density (fig. 1). The mass in the left breast was 
4 cm in greatest diameter, while that in the right breast was 1.5 
cm. The nipples and areolae were retracted. The presence of 
the numerous microcalcifications led to a mammographic mis- 
diagnosis of bilateral intracystic carcinoma. Bilateral biopsies 
yielded identical pathologic findings: well circumscribed yellow 
tan lesions with fibrous capsules and friable, caseating centers 
containing fibrous trabeculae. Histologically, dense fibrous 
connective tissue surrounded large areas of fat necrosis mani- 
festing numerous foamy histiocytes that sometimes surrounded 
round clear spaces. Moderate numbers of lymphocytes and 
plasma cells were also present in association with focal calcifi- 
cations. 


Case 2 


A 75-year-old woman had previous mammograms disclosing 
a small cluster of microcalcifications in the upper outer quad- 
rant of the right breast; biopsy yielded carcinoma in situ. No 
further treatment was undertaken. One year after biopsy the 
only physical abnormality was skin retraction in the vicinity of 
the surgical scar. Repeat mammography disclosed a spiculated 
density 2 cm in greatest diameter, an absence of calcifications, 
and thickening and deformity of the overlying skin (fig. 2). The 
radiographic interpretation was recurrent carcinoma. Biopsy 
revealed giant cells containing suture debris, areas of chronic 
inflammation, and foci of fat necrosis. No malignancy was 
present. 


Case 3 


An asymptomatic 65-year-old woman underwent mammogra- 
phy 8 months after bilateral reduction mammoplasties. The 
mammograms revealed identical bilateral findings. including 
deformity of the areolae and multiple oval 1.5-2 cm retroareolar 
radiolucent lesions similar in appearance to small lipomas or 
galactoceles (fig. 3A). Biopsy of one of the breasts revealed 
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Fig. 2.— Case 2. Spiculated 2 cm density (black arrow) with overlying 
thickening and retraction of skin (white arrows) at site of previously 
excised carcinoma in situ. Although mammographic appearance is 
characteristic of carcinoma, repeat biopsy yielded only fat necrosis. 
Spiculations reflect extensive desmoplastic response. 


multiple cystic structures, some containing gray brown necrotic 
material and others, clear oily viscous liquid. Microscopically, 
the cystic spaces were of varying size and lined by lipid-vacuo- 
lated macrophages (fig. 3B). The pathologic diagnosis was fat 
necrosis. 


Case 4 


A 53-year-old woman had a history of blunt trauma to the 
breast, followed by the formation of an area of chronic discol- 
oration of the skin. Both film mammograms and xeromammo- 
grams revealed two underlying ringlike structures 3-4 mm in 
diameter with calcified walls (fig. 4). The mammographic diag- 
nosis was fat necrosis. Although this case was not pathologi- 
cally proved, it represents one of the characteristic mammo- 
graphic appearances of fat necrosis. 


Case 5 


A 53-year-old woman had noticed a slowly enlarging mass in 
the right breast for 2 years. Two previous biopsies revealed 
“chronic inflammation." At admission she had a 5 x 6 cm fixed 
nontender mass and diffuse orange peel-like skin. Xeromam- 
mography revealed microcalcifications in a branching. ductal 
pattern — features characteristic of comedocarcinoma— and a 
large axillary node containing microcalcifications (fig. 5). The 
pathologic report of the frozen section was "cannot exclude 
carcinoma, defer for permanent sections." Even though the 
patient was aware that the lesion might not be malignant, she 
requested a mastectomy because of the slowly progressive 
deformity of her breast due to this process. The permanent 
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Fig. 3.—Case 3. A, Multiple lipid-filled thin- 
Microscopic section from case 3 demonstrating 








walled cysts in both breasts resembling lipomas or galactoceles. Histology revealed fat necrosis. B 
fat necrosis with fat-filled cystic spaces, foamy macrophages, and mononuclear inflammatory cells. 





Fig. 4.—Case 4. A, Xeromammogram revealing two small lipid-filled 
ringlike structures with calcified walls just beneath area of skin discolor- 
ation. B, Close-up of ringlike lesions. Mammographic diagnosis was fat 
necrosis (nct pathologically proved). 
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Fig. 5. —Case 5. Mammogram revealing branching calcifications and 
large axillary node. Mammographic diagnosis was comedocarcinoma: 
permanent sections showed fat necrosis. 


section report after mastectomy was “fat necrosis, sclerotic 
stroma, cystic clear spaces, numerous mononuclear cells." 
Foamy, vacuolated, and bubbly cells containing fat were also 
noted. Foci of calcifications were present within the ducts. The 
lymph nodes exhibited changes similar to those in the breast. 
Due to the bizarre nature of this case, the entire mastectomy 
specimen was evaluated by all members of the pathology 
department. No evidence of carcinoma was found. 


Discussion 


In 1920, Lee and Adair [1] reported two cases of 
traumatic fat necrosis clinically resembling carcinoma 
of the breast. A larger series reported in 1947 by Adair 
and Munzer [4] cited 25 cases among a series of 3,000 
breast tumors. The condition may represent a localized 
response to the presence of a hematoma or, alterna- 
tively, it may result from stagnation of the contents of a 
secretory duct, subsequent erosion of the duct epithe- 
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lium, and finally extrusion of the intraductal debris into 
the surrounding stroma. 

Fat necrosis is characterized histologically by the pres- 
ence of anuclear fat cells, often surrounded by histiocy- 
tic giant cells, and aggregates of foamy phagocytic 
histiocytes. Fibrous connective tissue is proliferated at 
the periphery of the necrotic debris. The necrotic focus 
may cavitate, and the wall of the cavity may calcify. 
Frozen section examination may lead to an erroneous 
diagnosis of adenocarcinoma [5]. 

The extent of the fibrous connective tissue response 
can be correlated with the resultant mammographic 
appearance. A severe "desmoplastic" response may be 
reflected in a spiculated shadow resembling carcinoma, 
sometimes accompanied by localized thickening and 
deformity of the overlying skin. In contradistinction, a 
mild response may be reflected in a thin fibrous wall 
enveloping a mass of necrotic, lipid-packed debris. Cal- 
cification in the proximity of the margin of cystlike 
lesions may be uniform and continuous, as first de- 
scribed by Lebrogne [6], or it may take the form of 
discontinuous, multiple, rodlike or angular microcalcifi- 
cations resembling those associated with carcinoma. As 
demonstrated by our cases, these features may appear 
alone or in almost any combination. In case 1, the 
history of bilateral surgical procedures in combination 
with the retroareolar location of the lipid-filled cysts and 
the associated retraction of nipples and areolae, indicat- 
ing a desmoplastic response, should have suggested 
the diagnosis of bilateral fat necrosis, despite the pres- 
ence of carcinomalike microcalcifications within the cyst 
walls. However, case 5, with an appearance indistin- 
guishable from comedocarcinoma, leads us to the im- 
portant conclusion that carcinoma, while in some cases 
manifesting characteristic features, exhibits no features 
that can be called pathognomonic. 
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Hematogenous Osteomyelitis of Metaphyseal-equivalent Locations 


GEORGE W. NIXON' 


Flat and irregular bones have anatomic subdivisions com- 
parable to long bones. This concept is useful in the radio- 
graphic evaluation of solitary bone lesions. Areas adjacent to 
cartilage are metaphyseal-equivalent locations. Prior to skel- 
etal maturation, metaphyseal-type vascular anatomy predis- 
poses these sites to involvement by hematogenous osteo- 
myelitis. Approximately 30% of cases of hematogenous osteo- 
myelitis affect these metaphyseal-equivalent sites and often 
present difficult diagnostic challenges. Forty-nine patients 
with this condition are described. 


Introduction 


Flat and irregular bones have anatomic subdivisions 
comparable to tubular bones. Metaphyseal-equivalent 
location is defined as a portion of a flat or irregular 
bone which is adjacent to cartilage; this includes areas 
bordering apophyseal growth plates, articular cartilage, 
or fibrocartilage. In addition, certain specific sites in 
long bones (adjacent to the tibial tubercle and to the 
cartilage growth plates of the femoral trochanters) will 
also be included. It is recognized that this definition is 
not strictly accurate anatomically, since all subchondral 
areas and not just those adjacent to growth plates are 
included. While a more accurate term for sites neighbor- 
ing articular cartilage may be epiphyseal-equivalent lo- 
cation, we have not included it in order to simplify the 
discussion. The term metaphyseal-equivalent location 
seems justifiably chosen since in infants and children 
hematogenous osteomyelitis begins at these sites, just 
as metaphyses are the sites of origin in long bones. 

The pathogenesis of hematogenous osteomyelitis of 
long bones is well documented [1] and can be applied 
to involvement of flat and irregular bones. The process 
originates in the metaphysis where the vascular anatomy 
in the infant and child is unique and predisposes this 
location to infection. Terminal arterial ramifications from 
the nutrient artery form sharp loops adjacent to the 
epiphyseal growth plate and empty into a system of 
large venous sinusoids which occupy the intramedullary 
portion of the metaphysis. Blood flow is sluggish in 
these sinusoidal structures, making an ideal medium for 
the lodgement and proliferation of circulating patho- 
genic bacteria. 

Embryologically, flat and irregular bones have ana- 
tomic subdivisions comparable to tubular bones. Com- 
parable vascular anatomy is present in metaphyseal- 
equivalent sites in flat and irregular bones and in certain 
sites in long bones (adjacent to the femoral trochanters 
and tibial tuberosity) [2]. 

This paper surveys the clinical, laboratory, and radio- 
graphic findings of hematogenous osteomyelitis involv- 
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ing metaphyseal-equivalent sites. Extensive literature 
has been devoted to osteomyelitis including general 
review articles [3, 4]. Nearly exclusive attention has been 
directed toward long bone involvement even though 
approximately 30% of cases involve metaphyseal-equiv- 
alent sites and usually present more difficult diagnostic 
problems. 


Case Material 


From 1962 to 1976, 164 cases of hematogenous osteo- 
myelitis were seen at Primary Children's Medical Center. 
Of the 164, 49 (3096) involved metaphyseal-equivalent 
sites and form the subject of this report. Long bones 
were involved in the remaining 115 cases. All cases with 
involvement at metaphyseal-equivalent locations were 
monostotic, whereas multiple bone involvement oc- 
curred in 796 of the cases involving long bones. Although 
cases of intervertebral disc inflammatory disease were 
included in the tabulation, it is controversial whether 
this disease is caused by infection and if the process 
begins primarily in bone or the intervertebral disc. These 
cases will not be discussed further since the subject has 
been well covered [5]. 

The metaphyseal-equivalent locations involved in this 
series are listed in table 1. The most frequently involved 
bones were the ilium, vertebrae, calcaneus, proximal 
femur adjacent to the greater trochanter, and ischium. 
All cases involving flat and irregular bones originated in 
subchondral areas. 


Results 


The basic clinical, laboratory, and radiographic fea- 
tures of hematogenous osteomyelitis of metaphyseal- 
equivalent sites are similar to those of the disease in 
general [3, 4]. Often there is considerable difficulty in 
early diagnosis since the involved areas are difficult to 
examine clinically and radiographically. A multidiscipli- 
nary approach is necessary to enable early and accurate 
diagnosis. 


Clinical and Laboratory Findings 


Nearly 8096 (38 of 49) of the cases were males. This 
frequency is greater than in osteomyelitis in general, 
where males are affected about twice as often as females 
[3]. The age distribution also differs from osteomyelitis 
of long bones where there is a peak incidence in infancy 
and an even distribution throughout childhood. In this 
series the average age was much older, with only three 
cases below 1 year and 10 from 1 to 5 years; 17 were 6- 
10 years old and 19 were 11-16 years. All seven cases 
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TABLE 1 
Distribution of Sites of Involvement 











No. 

Bone Cases 

Ilium: 
Adjacent to sacroiliac joint .......... 7 
Adjacent to triradiate cartilage ....... 1 
Adjacent to anterior-inferior spine .... 1 
Adjacent to acetabular roof .......... E 
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* Adjacent to greater trochanter 
t Adjacent to tibial tubercle. 


TABLE 2 
Laboratory Findings 








No. Cases 


Finding Osteomyelitis 





Acute Chronic 





Erythrocyte sedimentation rate: 


PM tse deae lode aoe ea ne 1 4 
EPISODE scion, sth texere nex. sk Tha. 1 2 
| | TERRE 7 1 
EL Li saos cd Rees we beard Bikes 14 4 

DUM ioo du sae e URN BUB 14 1 
White blood cell count 
L5 roo o PR 4 
5,000-10,000 .......... ses 23 12 
10,000-15.000 -s riara 8 
TAF rerea daa LEEA 2 





involving the ilium adjacent to the sacroiliac joint were 
males 11-16 years old. 

Approximately one-half the patients had histories of 
preceding blunt trauma. It is possible that through some 
unexplained mechanism, this predisposes bone to infec- 
tion in the presence of bacteremia [6]. The severity of 
signs and symptoms was extremely variable. Pain, ten- 
derness, swelling, adjacent muscle spasm, and fever 
were common. Pain patterns in patients with pelvic or 
spinal osteomyelitis are notoriously difficult to evaluate. 
Pain may be referred to the abdomen, buttock, lower 
back, or lower extremities and has been reported to 
mimic acute appendicitis, urinary tract infection, pelvic 
abscess, lumbar disc disease, or pyogenic arthritis of the 
hip [6-8]. 

The erythrocyte sedimentation rate was elevated above 
30 in 35 of 37 cases (95%) with acute infection and in six 
of 12 cases with chronic involvement (table 2). Although 
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Fig. 1: — Diagram of bony pelvis showing locations of cartilage (solid 
black lines) in immature skeleton. Numbers show total cases at respec- 
tive sites. 


this is a nonspecific test, it is very useful when correlated 
with clinical and radiographic findings. The white blood 
cell count was seldom helpful. A normal or low count 
occurred in 27 of 37 cases (73%) with acute involvement 
and in all cases with chronic change. Staphylococcal 
aureus was the only organism isolated in this series. 
Positive cultures were obtained in 23 of 37 acute cases 
and in five of 12 chronic cases. 


Radiographic findings 


Radiographic manifestions of hematogeneous osteo- 
myelitis have been well described [3, 9, 10]. The most 
common findings include soft tissue swelling with oblit- 
eration of adjacent muscle planes, subperiosteal calci- 
fication, and resorption of bony trabeculae which is 
usually not demonstrable radiographically for at least 10 
days after onset of symptoms. While these changes also 
develop in cases involving metaphyseal-equivalent loca- 
tions, certain inherent factors make radiographic evalu- 
ation difficult. Soft tissue changes are extremely helpful 
in the early diagnosis of acute hematogenous osteomye- 
litis of long bones [9] but are less often helpful with 
involvement of flat and irregular bones. Also, periosteal 
reaction is identified much less frequently. 

Pelvis. Seventeen cases had pelvic involvement. Areas 
of cartilage in the growing skeleton and the distribution 
of sites of involvement are illustrated in figure 1. Sub- 
chondral areas were involved in all 17 cases. 

The sacroiliac region was the most frequent site of 
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Fig. 2.—Acute hematogenous os- 
teomyelitis of ilium adjacent to sacro- 
iliac joint in two patients. A, Conven- 
tional anteroposterior coned view 
showing early bone resorption in left 
ilium bordering lower sacroiliac joint. 
B, Tomogram demonstrating early 
loss of bone in lower left ilium and 
widening and indistinct margins of sa- 
croiliac joint. 


involvement in the bony pelvis. All seven cases origi- 
nated in the lower ilium adjacent to the sacroiliac joint. 
Adjacent soft tissue changes were not identified in any 
of these patients. The initial bone abnormality developed 
about 2 weeks after the onset of symptoms; it consisted 
of minimal irregular loss of bone trabeculae in a sub- 
chondral, intramedullary location. This was best appreci- 
ated as asymmetry when compared to the opposite side 
(fig. 2A). Approximately 1 month after the onset of symp- 
toms, the changes had progressed to loss of the cortical 
margin of the involved bone adjacent to the sacroiliac 
joint and widening and indistinctness of the margins of 
the sacroiliac joint. 

Early radiographic changes were best seen on routine 
anteroposterior and caudal angulated anteroposterior 
films. Oblique sacroiliac films seldom appeared abnor- 
mal unless extensive joint and bone destruction had 
developed. Tomography was extremely helpful in dem- 
onstrating early changes (fig. 2B). Sclerotic bone reac- 
tion develops in chronic cases and is initially seen 
approximately 2 months after the onset of disease, with 
progression over the next several months. Subperiosteal 





calcification was identified in two cases with chronic 


involvement. 

Radiographic evaluation of the sacroiliac regions is 
difficult. Overlying bowel content often obscures the 
underlying osseous structures, and slight rotation results 
in asymmetry. Therefore, radiographic findings must be 
correlated with clinical and laboratory findings. If osteo- 
myelitis is strongly suspected, additional radiographic 
and radioisotope studies are indicated. 

Other subchondral locations of the ilium were involved 
in four additional cases. Two originated in the subchon- 
dral region bordering the acetabulum, one adjacent to 
the triradiate cartilage and one adjacent to the anterior 
inferior iliac spine. No case in this series involved the 
ilium adjacent to the iliac spine apophysis, which is a 
relatively rapidly growing dynamic segment of bone. 
However, | have seen one case from another institution 
involving this site. 

Four cases involved bone adjoining the ischiopubic 
synchondrosis; three originated in the ischium and one 
in the pubis. The appearance of the ischiopubic syn- 
chondrosis is notoriously variable with asymmetry being 
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Fig. 3.—Hematogenous osteomyelitis adjacent to ischiopubic syn- 
chondrosis. A, Normal pattern on initial examination. B, Bone resorption 
in right ischium adjacent to ischiopubic synchondrosis 2 weeks later. C, 
Subperiosteal calcification and sclerotic change evident six weeks after 
onset of disease. 


common [11]. Serial films demonstrating progressive 
focal bone resorption are necessary to establish the 
radiographic diagnosis of osteomyelitis in this area (fig. 
3). Such change was noted in each of the three cases 


cent to cartilage plate of ischial apophysis. 





Fig. 4.— Chronic hematogenous osteomyelitis involving ischium adja- 


affecting the ischium and the single case with pubic 
involvement adjacent to the ischiopubic synchondrosis. 

The pubis adjacent to the symphysis and the ischium 
adjacent to the ischial apophysis (fig. 4) were each 
affected in one case. 

The 10 cases of hematogenous osteomyelitis at pelvic 
sites other than the sacroiliac region showed adjacent 
soft tissue swelling and obscuration of intramuscular 
planes in the first few days of the disease. In the patient 
with involvement adjacent to the tridiate cartilage (fig. 
5), the rectum, bladder, and distal ureter were displaced, 
and the case which originated near the pubic symphysis 
had displacement of the bladder (fig. 6). Serial films 
demonstrated bone resorption, which was not identified 
until 2 weeks after the onset of symptoms. Periosteal 
reaction was identified only in the two cases involving 
the periacetabular area and the case with involvement 
adjacent to the anterior inferior iliac spine. 

Calcaneus. The calcaneus is involved relatively often. 
Its metaphyseal-equivalent portion adjacent to the apo- 
physis was universally affected (fig. 7). This location of 
involvement contrasts with that reported from an infec- 
tion secondary to a puncture wound affecting the inferior 
aspect of the calcaneus [12]. In the early stages of the 
disease, comparison films of the opposite calcaneus 
may be necessary to appreciate minimal loss of bone 
trabeculae. 
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Femur. The region of the femur adjacent to the apo- 
physeal growth plate of the greater trochanter was in- 
volved in four cases. Each exhibited inflammatory soft 
tissue changes early with subsequent development of 
focal bone resorption and subperiosteal calcification 
(fig. 8). 

Tibia. Two cases originated in the proximal tibia adja- 
cent to the cartilage posterior to the tibial tuberosity. 
These cases are of interest since local signs and symp- 
toms mimicked Osgood-Schlatter's disease; however, 
each had fever and an elevated erthrocyte sedimentation 
rate. Initial radiographs exhibited soft tissue swelling 
over the tibial tuberosity. Subsequent films 2 weeks 
after the onset of symptoms demonstrated local bone 
resorption. 

Scapula. Two cases involved the scapula: one adjacent 
to the tip of the acromion process and the other in 
juxtaposition to the glenoid fossa. Moderate soft tissue 
changes were present early in the patient with involve- 
ment of the acromion process. Serial films in each case 
revealed bone resorption but no periosteal reaction. 

Other bones. Other bones were occasionally involved 
(table 1). In each case of involvement of the talus, 
patella, tarsal navicular, and sternum, bone resorption 
originated in regions adjacent to cartilage. Although no 





Fig. 5.—Involvement adjacent to triradiate carti- 
lage. A, Soft tissue swelling in pelvis with displace- 
ment of rectum 3 days after onset of right hip and 
lower abdominal pain and fever. B, Distal right 
ureter and bladder also displaced. C, Focal bone 
resorption in ilium 2 weeks after onset of symp- 
toms. 


cases originated in the medial portion of the clavicle 
adjacent to its cartilage growth plate, | have seen several 
such examples. 


Radionuclide Studies 


Development of technetium-labeled phosphate com- 
pounds has enabled isotopic investigation of benign 
bone disorders, such as osteomyelitis, in children. Al- 
though the experience with radionuclide imaging in this 
series is limited, others have demonstrated that it is a 
useful diagnostic method [13-15]. It is especially useful 
when correlated with clinical and laboratory information, 
in assessing areas (pelvic and spine) that are difficult to 
evaluate by conventional radiographic means [13]. Ailsby 
and Staheli [16] have successfully used the technique in 
evaluating pelvic and sacroiliac areas in patients where 
osteomyelitis is a differential consideration (fig. 9). Iso- 
tope bone scanning has been helpful in differentiating 
osteomyelitis from cellulitis, primary septic arthritis. 
bone infarct, toxic synovitis, and juvenile rheumatoid 
arthritis [13, 14]. 


Discussion 


The concept of flat and irregular bones having ana- 
tomic subdivisions comparable to long bones was sug- 
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Fig. 6.—Involvement of left pubic bone. Note bone resorption, scle- 
rosis and periosteal reaction. Bladder is displaced by adjacent soft 
tissue swelling. 





Fig. 7.— Typical site of hematogenous osteomyelitis of calcaneus 
arising adjacent to apophyseal cartilage plate. 


gested in the radiographic evaluation of bone neoplasms 
[17] and can also be applied to hematogenous osteomye- 
litis, since this disease characteristically begins in the 
metaphyseal portions of bone. Thus the concept of 





Fig. 8.— Mottled pattern of bone resorption adjacent to greater tro- 
chanter apophyseal cartilage plate and subperiosteal calcification sec- 
ondary to hematogenous infection. 





Fig. 9.—Bone scan in patient with iliac osteomyelitis showing in- 
creased uptake in left sacroiliac area. 


metaphyseal-equivalent location is useful in the differ- 
ential diagnosis of solitary bone lesions. Pyogenic hem- 
atogenous osteomyelitis warrants paramount considera- 
tion in a flat or irregular bone lesion in a subchondral 
site. While this location does not exclude a neoplasm, 
origin or predominant involvement in a diaphyseal-equiv- 
alent area essentially excludes the diagnostic of hema- 
togenous osteomyelitis. 

The sacroiliac joint area is a frequently involved site of 
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hematogenous osteomyelitis. This has variously been 
referred to as osteomyelitis of the sacroiliac joint (a 
misnomer), sacroiliac osteomyelitis, and pyogenic sac- 
roiliac arthritis. These terms imply a primary joint infec- 
tion. It is far more likely that the infection begins in 
bone where the unique vascular anatomy predisposes to 
blood-borne infection rather than in synovium or carti- 
lage tissue which are less vascular structures. Review of 
serial radiographs in this series frequently confirmed 
that the process originated as primary osteomyelitis in 
the ilium with subsequent extension to involve the sacro- 
iliac joint. 

Reports from the preantibiotic era [18] noted the sa- 
croiliac joint area to be a frequent site of involvement in 
tuberculous osteomyelitis; however, these patients were 
seldom children. Also, tuberculous osteomyelitis is cur- 
rently a much less common disease than pyogenic bone 
infection. 

Patients with involvement of the bony pelvis or spine 
notoriously present challenging diagnostic problems. 
Such cases may mimic conditions such as acute appen- 
dicitis, urinary tract infection, pelvic abscess, lumbar 
disc disease, and septic arthritis of the hip. Correlation 
of clinical, laboratory, radioisotope, and radiographic 
findings is useful to diagnose this condition. Because of 
the diagnostic difficulty, antibiotics are sometimes indis- 
criminately used which may modify findings and further 
contribute to the difficulties in diagnosis [19]. 
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False Negative Bone Scans in Neuroblastoma Metastatic to the Ends of 
Long Bones 


ROBERT A. KAUFMAN,' JAMES H. THRALL,? JOHN W. KEYES, JR.,? MANUEL L. BROWN,* ° 
AND JAMES F. ZAKEM* 


Studies of 12 children with neuroblastoma were performed 
to assess the comparative sensitivity of skeletal radiography 
and "Tc pyrophosphate bone scintigraphy in the detection 
of metastases to the ends of long bones. A total of 18 lesions 
were detected in six patients. Fourteen were demonstrated 
only by radiography, whereas four were positive by both 
methods. In no case was a lesion detected by scintigraphy 
alone. Small lesion size, lytic radiographic appearance, me- 
taphyseal location, and technical difficulties in imaging the 
knee all contribute to the high incidence of false negative 
scans. Lesions in two of the nine patients with metastatic 
disease to bone would have been missed on the basis of 
bone scans alone. Accordingly, the radiographic skeletal 
survey seems to remain a necessary part of the neuroblas- 
toma workup. 


Introduction 


Radionuclide bone scanning continues to play an in- 
creasingly important role in the diagnosis, staging, and 
management of tumor patients. In general, bone scan- 
ning offers greater sensitivity than radiography in detect- 
ing skeletal metastases [1-4], and several authors have 
recommended radionuclide bone scanning as the exam- 
ination of choice for this purpose. In 1973 Merrick [5, 6] 
concluded that skeletal surveys are not necessary if a 
technically adequate high-count density ‘°F bone scan 
is performed. Gilday et al. [7] recommended bone scin- 
tigraphy as the screening procedure of choice in children 
suspected of having skeletal metastases. 

We studied several children with neuroblastoma who 
had small, primarily lytic metastases to the ends of long 
bones. The lesions were easily demonstrated on radio- 
graphs but were not detected by *?"Tc pyrophosphate 
bone scans. In this setting bone scanning does not 
provide greater sensitivity than plain film radiography in 
detecting individual skeletal metastases. 


Materials and Methods 


All proven cases (12) of neuroblastoma seen from 1973 to 
1977 at the C. S. Mott Children's Hospital who had both ??"Tc 
pyrophosphate bone scan and radiologic skeletal survey were 
reviewed. In every case, radiographs had been obtained 1-15 
days before scanning. Lesions detected radiographically at the 
ends of long bones were categorized as purely lytic, productive, 
or mixed. The exact anatomic location of each was recorded. 

All scans were obtained 2-4 hr after injection of °°"Tc pyro- 
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phosphate. The dose was prorated by a body surface area 
calculation based on an adult dose of 15 mCi and a body 
surface area of 1.7 m? [8]. Whole body images were obtained 
first on either an Ohio Nuclear Series 84 dual probe scanner or 
an Ohio Nuclear series 110 gamma camera with moving detec- 
tor. Areas of clinical, radiographic, or scintigraphic interest 
were reimaged with high-count density gamma camera views. 

In conjunction with the review of the scans of patients with 
neuroblastoma, the bone scans of 30 children aged 6 months 
to 12 years without long bone pathology were analyzed to 
better define the normal scintigraphic anatomy and to identify 
technical factors which could adversely affect lesion detection., 
Particular attention was given to the knee because of the 
known prevalence of neuroblastoma metastasis to the distal 
femurs and proximal tibiae. We found it useful to consider the 
end of a long bone as a scintigraphic unit, and have referred to 
it as the metaepiphyseal complex. The complex comprises the 
metaphysis, the epiphyseal plate, and the epiphysis. 

In preambulatory patients (fig. 1), the metaepiphyseal com- 
plex demonstrates intensely increased uptake compared to the 
diaphysis; it is not possible to distinguish between the epiphysis 
and the epiphyseal plate, even with high resolution magnifica- 
tion images. After the child begins to walk, the epiphysis and 
metaphysis can be clearly distinguished from the epiphyseal 
plate which appears as a transverse structure (fig. 2C). The 
activity in the metaphysis adjacent to the epiphyseal plate is 
approximately equal to epiphyseal activity and then diminishes 
in a regular gradient as the diaphysis is approached. A lesion 
was considered present on the scan when a deviation from this 





Fig. 1.—Scintiscan, anterior view, of knees of 15- 
month-old pre-ambulatory infant. Individual components 
of metaepiphyseal complex cannot be distinguished. 
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pattern was seen, due to either increased or decreased tracer 
activity. 
Results 


Of the 12 cases reviewed, nine had evidence of one or 
more definite bone metastases. There was scintigraphic 


Fig. 2.—A and B, 6-year-old male with neuroblastoma. A, Radiograph 
showing paired lytic metastases (arrows) in distal femoral metaphyses. 
Patient also had radiographic and scintigraphic evidence of additional 
metastases to vertebral column and calvarium. B, Scintiscans of knees 
optimized for viewing metaepiphyseal complex in (left to right) antero- 
posterior, slight internal rotation, and external rotation with knee flexion. 
No focal lesions are present. C, Age-matched normal control. Scintiscans 
of knees optimized for viewing metaepiphyseal complex (positions iden- 
tical to B). Metaphysis, epiphyseal plate, and epiphysis are readily 
distinguished. 








evidence of metastasis in only seven of these patients. 
However, when a site-by-site analysis of lesions was 
performed, the relative scintigraphic sensitivity declined 
significantly for lesions of the metaepiphyseal complex. 

Six patients had definite metastases to the metaepi- 
physeal complex. Four were males and two females; 
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ages were 19-80 months (mean, 47 months). Of the 18 le- 
sions detected in these patients, 14 were demonstrated 
only by radiograph, whereas four were positive by both 
methods. In no case was a lesion detected by scan alone. 

Of the 14 metastatic lesions not demonstrated by 
scanning, all were metaphyseal and were judged to be 
purely lytic in radiographic appearance. Thirteen were 
found on the medial aspect of the metaphysis, and one 
was central. Of the four lesions visualized by both scin- 
tigraphy and radiography, two appeared lytic and two 
were mixed. Both lytic lesions were medial in metaphy- 
seal location, and the mixed lesions were central. Four 
of the 18 lesions were unilateral, and none of these were 
detected by scanning; the remaining 14 (78%) were 
bilateral. 

Examples of false negative bone scans and corre- 
sponding radiographs are compared with normal age- 


Fig. 3.—A-C, 19-month-old female with neuroblastoma. A, Radio- 
graph showing obvious paired lytic metastases in metaphyses of distal 
femurs. Additional metastasis is present in proximal right tibial metaphy- 
sis. B, Radiographs showing bilateral lytic metastases in proximal 
humeri. C, Anterior scintiscan showing absence of focal abnormality in 
ends of long bones. D, Age-matched control with no long bone pathol- 
ogy. Appearance of knees is very similar to C. Left knee is slightly flexed 
and externally rotated. 





matched controls in figures 2 and 3. The normal appear- 
ance of the metaepiphyseal complex was described 
above. 


Discussion 


The present series reports a lesion-by-lesion analysis 
of neuroblastoma metastatic to the ends of long bones. 
The poor scintigraphic detection rate of individual me- 
tastases in this location deserves special comment and 
explanation. 

Numerous reasons for false negative bone scans have 
been discussed in the literature [3]. It has been recog- 
nized for some time that lesions which are lytic radio- 
graphically may not demonstrate increased uptake on a 
bone scan [1, 2, 7, 9]. The purely lytic nature of most of 
the lesions encountered in this series probably contrib- 
uted to their nonvisualization. Lytic lesions which are 
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Fig. 4.—A and B, 30-month-old male with neuroblastoma. A, 
Radiograph showing large bilateral lytic metastases in distal femurs. 
Note soft tissue swelling adjacent to both lesions, as well as patho- 
logic fractures. Lytic metastasis is also present in right proximal 
tibial metaphysis,. Left proximal tibial metaphysis was normal. B, 
Scintiscan showing bilateral photon-deficient areas in medial aspects 
of distal femurs but no focal defect in proximal right tibial metaphysis. 


C, Age-matched normal control for comparison. 


large enough can appear as areas of decreased tracer 
uptake [10]. Two of the 16 lytic lesions were large 
enough to be recognized as photon-deficient areas on 
scan (fig. 4B). These were by far the largest lesions in the 
series, and both had caused adjacent pathologic frac- 
tures (fig. 4A). An age-matched control is provided for 
comparison (fig. 4C). The remaining lesions were 
smaller, many on the order of 1 cm in diameter, and were 
not large enough to be detected on the same basis. 

The specific anatomic location of the lesions was 
consistent with classic radiographic descriptions [11- 
13]: 78% of the lesions were bilateral, and 83% were 
located in the medial part of the metaphysis. This distri- 
bution may contribute to the difficulty in detecting me- 
tastases. A key perceptive tool for recognition of bone 
scan abnormality is right-left asymmetry. Theoretically, 
subtle bilateral changes should be more difficult to 
detect than a unilateral abnormality. Moreover, at least 
for photon-deficient lesions, an eccentric or marginal 
location further reduces detectability, if the margins of 
the lesions are not completely circumscribed. 

In addition to the forgoing observations, a number of 
technical factors present problems in imaging the meta- 
epiphyseal complex in children. The dynamic range of 
film as a recording medium is not sufficient to optimally 
image long bone diaphyses and the metaepiphyseal 
complex at one intensity setting. The normal pattern of 
uptake of the metaepiphyeal complex may not be appre- 
ciated due to overexposure if the photoscan intensity is 
set to optimize the appearance of the diaphyses (fig. 5). 
Therefore, whole body survey scans cannot be relied 








upon to detect knee pathology unless dual intensity 
settings are available. Even if this is done, pediatric 
patients with suspected knee pathology should be im- 
aged with high-count static gamma camera views to 
provide the best possible resolution. 

Another technical problem which can contribute to 
poor visualization of the metaepiphyseal complex is poor 
positioning of the knee. Infants and young children, 
especially when heavily diapered, commonly assume a 
position of slight knee flexion and external rotation of 
the lower extremity when supine (fig. 2D). Portions of 
the epiphyseal plate are then superimposed on the epi- 
physis and metaphysis, presenting a globular appear- 
ance and obscuring the usual tracer concentration gra- 
dients. This can potentially hide small lesions. Another 
related problem is the difficulty in immobilizing the 
younger pediatric patient. The greater resolution poten- 
tially afforded by high-count density static images will 
not be realized if even slight degrees of motion are 
permitted. 

Detection of skeletal metastases is vital to proper 
management of patients with neuroblastoma, since the 
presence of skeletal metastatic disease affects prognosis 
and treatment planning. The results of this study indicate 
that the bone scan as a sole screening procedure is 
inadequate for detecting neuroblastoma metastatic to 
bone. Rosenfield and Treves [14] and Helson et al. [15] 
also encountered instances of neuroblastoma lesions 
missed by bone scanning. These results are in contrast 
to those of Gilday et al. [7] who reported no false 
negative bone scans in 30 cases of neuroblastoma and 
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Fig. 5.—6'/z-year-old male. A, Photoscan intensity of 355, optimized for visualization of diaphyses, showing “overexposed” 
metaepiphyseal complex. B, Photoscan intensity of 285, optimized for better resolution of metaepiphyseal complex, showing 


metaphysis, epiphyseal plate, and epiphysis. 


recommended that radiographs be obtained only if a 
lesion is seen on radionuclide skeletal survey. Although 
we also encountered many metastases in locations other 
than the metaepiphyseal complex (particularly in flat 
bones) that were detected by scanning and not by 
radiography, two of our nine patients with metastases 
had no focal scintigraphic abnormality on bone scan. 
Therefore, we still advocate the use of both methods in 
the neuroblastoma workup. 
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Acute Skin Reactions in Postoperative Breast Cancer Patients Receiving 
Radiotherapy Plus Adjuvant Chemotherapy 


P. HAHN,' O. HALLBERG,’ AND K.-J. VIKTERLÓF? 


A group of 26 patients with operable carcinoma of the 
breast received postoperative radiotherapy plus adjuvant 
chemotherapy. Acute skin reactions were studied by clinical 
observation. There was a statistically significant difference 
(P < .01) in acute skin reactions in the chest wall area in those 
who received chemotherapy (81%) compared to the controls 
who received only radiotherapy (33%). Acute skin reactions 
began at the completion of postoperative radiotherapy and 
reached maximum severity 1-2 weeks later. They usually 
subsided after 4-6 weeks. No skin reactions were observed 
in the parasternal, supraclavicular fossa, or axillary regions. 
On the basis of these findings, postoperative radiotherapy 
combined with adjuvant chemotherapy is probably beneficial. 


Introduction 


Breast cancer is the most common malignancy in women 
in Sweden. About 7% develop the disease and about 
40%-50% of those die within 10 years, whatever the 
form of treatment. In spite of better techniques of radio- 
therapy and surgery, there has been little improvement 
in the management of operable breast cancer. The bio- 
logic behavior of tumors is not well understood, and 
there is no general agreement as to the most suitable 
method of treatment. We believe that most patients with 
regional node metastases or histologic grade III (WHO 
classification) already have occult metastases at the time 
of mastectomy. The preliminary report by Bonnadona et 
al. [1] of combination chemotherapy as an adjuvant 
treatment is encouraging. We know that local recurrence 
rates are reduced when patients receive postoperative 
radiotherapy. This paper describes the acute skin reac- 
tions associated with combined postoperative radiother- 
apy and adjuvant chemotherapy. 


Subjects and Methods 


During 1976, a total of 172 patients with carcinoma of the 
breast were seen at our institution. Of these, 83 patients were 
excluded from study for the following reasons: (1) over 70 
years old; (2) clinical stage Ill or IV disease; or (3) treatment by 
other chemotherapy combinations. The remaining 69 patients 
who were younger than 70 years and had clinical stage | or Il 
breast cancer (T1 or T2, NO or N1, MO) were included. All 
patients had normal liver and renal function; normal blood 
studies, including platelets; no previous treatment for malignant 
disease, except squamous cell carcinoma of the skin; no current 
pregnancy; no evidence of metastases on radiography of the 
chest, spine, or pelvis; and no bilateral tumor. 

All patients in the study underwent simple mastectomy with- 
out axillary node dissection. Preoperative examination included 
chest radiography, electrocardiography, bone and liver scan- 
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ning, and bone radiography. The 26 patients who had axillary 
metastases or histologic grade Ill disease received concurrent 
postoperative radiotherapy and adjuvant chemotherapy with 
CMF (cyclophosphamide, methotrexate, fluorouracil). The other 
43 patients (control group) received only radiotherapy. The 
mean ages of the CMF and control groups were 55 and 63 
years, respectively. A detailed comparison of the two groups, 
including such factors as age and menopausal status, revealed 
no major differences. 

Both groups were irradiated with the same technique and 
received the same dose of postoperative radiotherapy. Patients 
were under study 3-10 months. Immediate acute skin reactions 
were evaluated and scored during treatment and 1-4 weeks 
after completion of radiation treatment until they subsided. 


Postoperative Radiotherapy 


Postoperative 9?Co radiotherapy was administered to the 
parasternal, supraclavicular fossa, and axillary regions, and to 
the chest wall with electron therapy. The chest wall field adjoins 
the parasternal and supraclavicular fossa fields and must in- 
clude the full extent of the mastectomy scar. The treatment 
applied to the chest wall was 8.8 MeV with the depth-dose curve 
modified by means of Perspex in the irradiated region (fig. 1). 
The thickness of the Perspex is varied to avoid radiation load 
to the lung [2]. The treatment series is defined by the dose level 
and the fractionation time. Our fractionation schedule followed 
a 5 day cycle: day 1, parasternal and supraclavicular fossa fields 
(fig. 2A); day 2, chest wall (fig. 28); day 3, axilla (fig. 2C); day 4, 
parasternal and supraclavicular fossa fields; day 5, chest wall. 

At each treatment the reference dose was 550 rad; the 
treatment was concluded with a total reference dose of 4,950 
rad in both the parasternal area and the chest wall. The axillary 
field was irradiated with a reference dose of 2,750 rad. The 
reference doses mentioned are defined as the maximum dose 
along the central depth-dose curve for that particular field. 
Using the cumulative radiation effect formula of Kirk et al. [3]. 
the value for the chest wall was 1,820 + 10% to a depth of 3 cm. 


Chemotherapy 


The adjuvant chemotherapy with cyclophosphamide, metho- 
trexate, and fluorouracil treatment [1] was started not less than 
1 week and not more than 4 weeks after surgery. concurrent 
with postoperative radiotherapy. Before the start of treatment 
of blood cell count, including platelets, was normal and the 
mastectomy wound healed satisfactorily. Chemotherapy con- 
sisted of periodic administration of the following drugs: (1) 
cyclophosphamide (100 mg/m?) orally every other day from day 
1 to day 15; (2) methotrexate (30 mg/m?) intravenously on days 
1, 8, and 15; (3) fluorouracil (500 mg/m?) intravenously on days 
1, 8, and 15. On day 15 the dosages of methotrexate and 
fluorouracil were reduced 50% for a maximum dose per injec- 
tion of 40 and 900 mg, respectively. The next cycle of chemo- 
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therapy was started after a 3 week rest period. Hematopoietic 
toxicity was classified according to the drop in leukocyte and 
platelet count. If a patient's leukocyte count was 3,100-4,000 
and platelet count was 110,000-125,000/mm?, 75% of the cal- 
culated dose was administered. If the leukocyte count was 
2,100-3,000 and platelets 75,000-110,000, only 5096 of the 
calculated dose was given. No chemotherapy was given if the 
leukocyte count fell below 2,100 and platelets below 75.000. 


PER- THORAX- ] 
SPEX WALL dii 





4 
100 


6 cM DEPTH 


Fig. 1. —Depth-dose curve for electron energy of 8.8 MeV measured 
in water phantom illustrating selection of Perspex thickness. 


Results 


There was a marked difference (P — .01) in the acute 
skin reactions of the chest wall between the CMF and 
the control groups (table 1). Intense skin erythema with 
edema was observed in 81% of the patients who received 
chemotherapy plus postoperative radiotherapy. In the 
control group only 33% of the patients developed intense 
erythema. Skin reaction usually began with redness at 
completion of the radiotherapy treatment; most acute 
reactions reached maximum severity 1-2 weeks later. 
Acute skin reactions included varying degrees of vesicu- 
lation, swelling. exudation, moist desquamation, and 
ulceration. During the period of acute reaction, the 
patients were symptomatic and were treated with corti- 
sone ointment. The acute skin reactions usually sub- 
sided after 4-6 weeks. 

Patients who developed infections healed more slowly. 
Three patients were infected in the chest wall area; this 
was verified by bacterial culture. As expected, no skin 
reactions were observed in the parasternal, supracla- 
vicular fossa, and axillary regions due to the skin-sparing 
effect of the high energy photons. A slight degree of 
tracheitis and esophagitis was observed in both groups, 
but they usually disappeared after completion of radio- 
therapy and required no special treatment. 


Toxic Manifestations 


The degree of fatigue and lassitude was about the 
same in both groups. In the CMF group. 22 patients 
(85%) had nausea and 12 (46%) had vomiting, while 
only six patients (1496) in the control group experienced 
nausea. Nausea and vomiting usually occurred 2-6 hr 
after intravenous drug administration and were routinely 
treated with antiemetic drugs. In the CMF group, 70%- 





Fig. 2.— Irradiated fields. A, Parasternal and supraclavicular fossa. B, Chest wall. C , Axilla. 
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TABLE 1 
Acute Skin Reactions 








CMF Control 











Intense erythema, vesiculation, 


OUT i eed ad Weed Oa 21 81 14 33 
Slight to moderate erythema ..... 5 19 29 67 
52 70178 EEREEEERS IET ITI TI C COT 3 11 0 0 





80% had leukopenia and thrombocytopenia, but special 
measures were not required. Four patients refused to 
continue adjuvant chemotherapy because of vomiting 
and nausea. It was later discovered that one of these 
patients had pancreatitis during treatment. Sixteen pa- 
tients (61%) had alopecia, but only two needed wigs. 
Alopecia was always transient. We observed often that 
the patients were more satisfied with their new hair than 
that which had been lost. Two patients had amenorrhea 
and four had irregular menstruation with a 2-3 week 
delay. Nine patients (35%) had mild oral mucositis Con- 
junctivitis with a slight degree of a burning sensation 
was observed in 46% of the patients (table 2). 


Discussion 


Radiobiologic, administrative, and economic factors 
have stimulated interest in dose fractionation schedules 
other than the conventional daily treatment. Several 
methods have been proposed to predict doses which 
produce equivalent biologic effects using different frac- 
tionation schedules. But even when irradiation is com- 
bined with chemotherapy, the fractionation pattern used 
must be studied carefully. In our series, acute skin 
reactions were much more frequent in the CMF group 
than in the controls but they tended to subside within 4- 
6 weeks. Patients found combined adjuvant chemother- 
apy and postoperative radiotherapy tolerable and ac- 
ceptable. However, it may be worthwhile to adjust the 
chemotherapy and irradiation dose to the chest in order 
to reduce acute skin reactions. 

We do not yet know how adjuvant chemotherapy plus 
postoperative radiotherapy affects local recurrences and 
the long term survival rate. We do know that skin reac- 


TABLE 2 
Toxic Manifestations in CMF Group 














Manifestation B % of Patients 





Leukopenia (leukocytes/mm?): 


AO VEN. cua qu ead dao ep Ee 81 

CE MED 2.utasvstiul tesi pesrepbsatrbikrs 8 
Thrombocytopenia (platelets/mm?): 

125 DOU-ZRCUOR Luis E E RE RES 73 

CIBBDO 22.523294 R2 qp eg Coke d daeeons 4 
Oral MUCOSING siii ces cade Fr krA ees 35 
Conun Ihi aaas ods tad e dites 46 
Loss OF DOW errioko we Reda dd or toS 61 
CHANING: erodi pis FA 9n prn eS 4 
Amenertilll. ioris ev e Io AD px E 1H A 8 
VETERE Lie uua di Fc UC tre oae bdo pa nep Es 42 
dabei MERETUR 11 








Note. — Data on 26 patients. 


tions begin about the end of the irradiation period, and 
the maximum severity is reached 1-2 weeks later. Thus 
patients should be seen at least once a week until acute 
skin reactions subside. It is important that patients are 
informed at the beginning of the postoperative radiother- 
apy about the skin reactions and risk of infection. It is 
our hope that a combination of surgery, postoperative 
radiotherapy, and adjuvant chemotherapy will improve 
survival by preventing local tumor recurrences and dis- 
tant metastases. 
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Survival and Complications in Cervical Cancer Treated by Pelvic and 
Extended Field Radiation after Paraaortic Lymphadenectomy 


GREGORIO DELGADO,' HALUK CAGLAR,? AND PAUL WALKER? 


Over a 3 year period, 49 patients with invasive cancer of 
the cervix underwent paraaortic lymphadenectomy. Of this 
group, 18 were stage Ib, with cervix 3 cm or smaller, and 
were treated by radical hysterectomy. All had negative pa- 
raaortic nodes. The remaining 31 patients had more advanced 
disease and underwent radiation therapy in addition to the 
paraaortic lymphadenectomy. Thirteen patients with positive 
paraaortic nodes were treated with extended field radiation 
to the level of the diaphragms with 4,500 rad plus intracavitary 
radium applications. The remaining 18 patients with negative 
paraaortic nodes were treated to the fifth lumbar vertebra 
with 5,000 rad plus radium applications. The age of the 
patients and stage of the disease were similar for both groups. 
After 13-36 months of follow-up, the survival rate was 38% for 
patients with positive nodes compared to 72% for those with 
negative nodes. About half of both groups suffered complica- 
tions. More study must be given to alternative treatments of 
advanced carcinoma of the cervix. 


Introduction 


Recent literature discusses survival and complications 
in patients with carcinoma of the cervix and paraaortic 
metastasis who received extended field radiation [1-5]. 
In 1970, Silberstein et al. [6] reported 3-11 year survival 
in three patients who had paraaortic radiation for metas- 
tasis. Two patients with stage Ib disease received 2,500 
and 4,000 rad, and one patient with stage lllb disease 
received 6,000 rad paraaortic radiation in addition to 
pelvic radiation. Fletcher and Rutledge [7] reported 7 
and 14 year survival in two patients with positive paraaor- 
tic nodes following 5,000 rad extended field radiation. 
Lepanto et al. [8] in 1975 reported 19.5% severe compli- 
cations and 5.596 mortality resulting from 5,000 rad to 
the paraaortic region for 5 weeks. In 1977, Wharton et 
al. [9] reported on 120 patients with pretreatment celi- 
otomy. Patients with negative nodes were treated with 
conventional pelvic fields. Patients with common iliac 
and/or aortic node metastasis received extended field 
radiation to the level of diaphragms, 4,500 rad at the 
rate of 750 rad/week. Four patients died of intestinal 
complications, and three patients developed bilateral 
ureteral obstruction from retroperitoneal fibrosis. 

We describe our experience with 49 patients with 
invasive carcinoma of the cervix apparently confined to 
the pelvis who underwent laparotomy and paraaortic 
lymphadenectomy. Of these, 31 had more advanced 
disease and underwent radiation therapy. 


Received May 16, 1977; accepted after revision September 9, 1977. 


Subjects and Methods 


At Georgetown University and Affiliated Hospitals between 
July 1973 and June 1976, 49 patients with carcinoma of the 
cervix underwent pretreatment exploratory laparotomy and pa- 
raaortic lymphadenectomy (table 1). Eighteen early stage Ib 
patients with cervix 3 cm or smaller also underwent radical 
hysterectomy at the time of the paraaortic lymphadenectomy. 
Patients with disease stage llb or greater, regardless of lym- 
phangiographic findings, underwent pretreatment exploratory 
laparotomy and paraaortic lymphadenectomy. 

The paraaortic lymphadenectomy was performed as follows. 
The peritoneum was opened at the level of the bifurcation of 
the aorta and extended cephalad for 5 cm. The mesentery of 
the small bowel was retracted, and the aorta and the vena cava 
were visualized. The fatty tissue that contains the lymph nodes 
anterior and lateral to the vena cava was carefully dissected 
after the right ureter and the ovarian blood vessels were identi- 
fied and retracted laterally. Following this, the same dissection 
was performed on the left side anterior and lateral to the aorta 
after identification and retraction of the left ureter, ovarian 
blood vessels, and inferior mesenteric artery. The dissections 
were carried out about 5-8 cm above the bifurcation of the 
aorta. Metallic clips were placed at the highest area of dissec- 
tion. 

In some cases, the peritoneum parallel and lateral to the 
descending colon was opened and pulled medially to permit 
better exposure. After the aorta was exposed, the lymph nodes 
were removed as previously described. In the presence of gross 
disease, an attempt was made to remove enlarged paraaortic 
nodes. Some individuals required dissection to the level of the 
left renal vein. In six cases of pelvic inflammatory disease, 
salpingo-oophorectomy was also performed. 

Radiation treatment was initiated 7 days after exploratory 
laparotomy. All but one of the 18 patients with no paraaortic 
metastasis received 5,000 rad external *?Co radiation (60 cm 
SSD) to the pelvis in 15 x 15 cm parallel opposing fields (100 
rad each, 200 rad daily to midline) followed by two 48-hr 
intracavitary radium insertions applied 2 weeks apart with a 
Henschke applicator, resulting in about 3,000 mg hr with each 
application. One patient received 5,500 rad to the 15 x 15 cm 
pelvic field and 1,000 rad pelvic boost to a 10 x 10 pelvic field 
followed by 2,880 mg hr and 1,440 mg hr radium insertions 2 
weeks apart. 

The 13 patients with positive paraaortic nodes received ex- 
tended field radiation. Twelve received radiation extended from 
the upper limit of the 15 x 15 cm field to the diaphragm. The 
width of the extended field ranged from 8 to 10 cm and height 
from 12-16 cm. Patients received a total of 4,500 rad to the 
paraaortic area, 150 rad daily in two fractions by parallel 
opposing fields of 75 rad each to midline. The pelvic fields also 
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TABLE 1 
Summary of Cases 




















Stage 
Nodal Status and Treatment z Total 
Ib IIb I-IV 
Negative paraaortic nodes: 
Radical hysterectomy only........ 18 0 0 18 
Pelvic radiation .............. s O0 10 8 18 
Paraaortic metastasis treated with 
extended field radiation ...... 0 8 5 13 
Uh a eg anki we wee 18 18 13. 49 








0 44 38 265 





received two daily fractions to parallel opposing ports of 100 
rad each, getting 200 rad daily to midline for a total dose of 
5,000 rad. The 1.5-2 cm gap between the upper border of the 
pelvic field and the lower border of the paraaortic field was 
corrected. In one patient, intracavitary application was anatom- 
ically impossible. Instead, she received 7,600 rad external radia- 
tion to the pelvis by reducing the fields from 15 x 17 cm to 11 
x 13 cm and 4,500 rad to the paraaortic area in an 8 x 16 field. 


Results 


In a 13-36 month follow-up, the survival rate for the 13 
patients with positive paraaortic nodes was 38% com- 
pared to 72% for the 18 patients with no paraaortic 
metastasis (table 2). In the former group who received 
extended field radiation, six of eight deaths were due to 
carcinoma. One patient died from pulmonary emboli 20 
days after surgery. Another patient died of intercurrent 
disease. 

Of the 18 patients with negative paraaortic nodes who 
received conventional pelvic radiation, two died from 
carcinoma, one from intercurrent disease, and two from 
treatment complications (table 2). One patient with stage 
Illb disease developed an enterocutaneous fistula after 
corrective surgery for radiation-induced bowel obstruc- 
tion. The enterocutaneous fistula was surgically re- 
paired, and the patient was treated with hyperalimenta- 
tion. Subsequently she developed an enterovaginal fis- 
tula and died from sepsis. The other patient who died 
from radiation complications had stage llb carcinoma of 
the cervix and developed bilateral ureteral obstruction 
due to radiation fibrosis. A ureteroileoneocystotomy 
was performed. After surgery, she developed acute hem- 
orrhagic pancreatitis, and on the seventh postoperative 
day she died from adult respiratory distress syndrome. 
Both patients were free of cancer. 

Some patients had more than one complication (table 
3). The types of complications are listed in table 4. 
Bowel obstruction requiring surgical correction was ob- 
served in four of the 18 patients receiving pelvic radiation 
and in one of 13 receiving extended field radiation. 
Among the patients receiving conventional pelvic radia- 
tion, there was one spontaneous enterocutaneous fistula 
in a stage llb patient following radiation and two stage 
Illb enterocutaneous fistulas after corrective ileocolos- 
tomy for bowel obstruction. One of these two patients 
received 5,500 rad to a 15 x 15 cm field and 1,000 rad to 
a 10 x 10 cm field, followed by 2,880 mg hr and 1,440 
mg hr intracavitary applications 2 weeks apart. Among 


TABLE 2 
Survival Rates in Patients Treated with Radiation 








Negative 























Paraaortic Paraaortic 
Metastasis Nadas 
(N = 13) " 
(N = 18) 
Cause of death: 
CUPIDE ee 6* 2t 
Treatment complications ........ 1 2 
Intercurrent disease ............. 1 1 
Alive: 
WI CANC o oen E ara 0 2 
No evidence of disease .......... 5 11 
Months of survival .........5es zs 14-33 13-36 
35 SOPHIE oo. eed cero ey x x 38 72 
* Stage llb, four; Ilib, one; IV, one. 
t Stage llb, one; IV, one. 
TABLE 3 
Frequency of Complications in Patients 
Treated with Radiation 
Paraaoric eget 
Metastasis Nodes 
(N = 13) (N = 18) 
No. complications: 
6 TENDERE 1 3 
TWO sirsie asiaani 5 3 
More than two .... 0 3 
% patients with com- 
plications ...... 46 50 
TABLE 4 


Complications in Patients Treated with Radiation 


paraaortio gate 
Complication Metastasis 
(N = 13) nodes 
(N = 18) 


Bowel obstruction requiring surgi- 

cal CONI ecuon. x5 <cascccsdciveses 1 4 
Enterocutaneous fistula after radia- 

tion treatment ......... sessi 
Enterocutaneous fistula followed by 

bowel anastomosis in postirra- 


diated pallent ...... ire f 2 
Enterovaginal fistula .............. 1 1t 
Bilateral ureter obstruction ........ "n 1f 
Pulmonary emboll ......... esse tT $34 
Thrtombophlebitis ......... es v 2 
Rectal bleeding ................... 1 1 
Rectovaginal fistula ............... 1 1 


* Patient had transverse conduit with end-to-end transverse colon anastomosis 


for recurrent or persistent cancer. 
T Resulted in death. 


the patients receiving extended field radiation, there 
was no spontaneous enterocutaneous fistula following 
radiation. The only fistula occurred following urinary 
conduit diversion for bilateral ureteral obstruction from 
cancer. This was the patient with stage IV disease who 
initially received 7,600 rad to the pelvis in reducing 
fields and 4,500 rad paraaortic radiation. 
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During exploratory laparotomy of the 31 patients who 
received radiation treatment, incidental pelvic inflam- 
matory disease was found in six (19%); four were stage 
llb and two stage lllb. One patient had a right, two 
patients had a left, and three patients had a bilateral 
salpingo-oophorectomy. 


Discussion 


In the 13-36 months after treatment, the survival rate 
was higher in the group with negative paraaortic nodes 
compared to those with paraaortic metastasis (72% and 
38%, respectively). Most deaths in the latter group were 
related to persistent or recurrent carcinoma. 

The proportion of patients with complications did not 
increase when 4,500 rad were given to the paraaortic 
region. Bowel obstruction, enterocutaneous fistula, and 
deaths due to complications were similar in both groups. 
The only complication-related death in the group receiv- 
ing extended field radiation was due to pulmonary em- 
boli. There were no cases of gastric ulcers following 
paraaortic radiation. 

The number of patients with stage llb carcinoma of 
the cervix with paraaortic metastasis (eight of 18, 44%) 
was higher than reported previously in the literature [1, 
2, 10-15]. Two explanations are possible: (1) the patients 
were advanced stage llb; or (2) the lymphadenectomy 
was more complete, including the right, left, and poste- 
rior aspects of the aorta, up to the left renal vein in 
some cases. 

As yet there is no randomized study comparing pa- 
tients receiving radiation who undergo exploratory lapa- 
rotomy prior to radiation with those who do not. Our 
complication rate was higher than in Villasanta's study 
[16] of patients who did not have exploratory laparotomy 
before pelvic radiation. Thus surgery may elevate the 
complication rate. 

Exploratory laparotomy is the most effective method 
to detect lymphatic spread. In addition, it has advantages 
of selective removal of enlarged lymph nodes and the 
diagnosis and surgical treatment of clinically unsus- 
pected pelvic inflammatory disease. Kottmeier [17] re- 
ported a 65.7% 5 year survival rate in 47 cases of 
carcinoma of the cervix following salpingectomy for 
pelvic inflammatory disease, compared to a 14.4% 5 
year survival rate in 118 patients whose pelvic inflamma- 
tory disease was treated conservatively. Graham and 
Abad [18] showed a higher cure rate (62%) in patients 
without pelvic infection compared to a 22% cure rate in 
patients with pelvic infection. Ucmakli and Bonney [19] 
reported five of 25 patients (20%) with unsuspected 
pelvic inflammatory disease. In our series 19% were 
found to have pelvic infection. 

In carcinoma of the cervix, 4,500 rad of extended field 
radiation to the paraaortic area in patients with paraaor- 
tic metastasis seems to be a dose which does not result 
in undue complications. However, the long term thera- 
peutic value of such treatment has not yet been estab- 
lished. It is important that more studies be undertaken 
and that other possibilities to increase survival of pa- 


tients of carcinoma of the cervix such as immunostimu- 
lation, adjuvant chemotherapy, and intraoperative radia- 
tion be further explored. 
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Alterations in Whole Saliva Flow Rate Induced by Fractionated 
Radiotherapy 


WILLIAM B. WESCOTT,' JOAQUIN G. MIRA,? EDGAR N. STARCKE ? IRA L. SHANNON,* AND JOHN I. THORNBY® 


Sequential changes in flow rate of whole saliva are detailed 
in 13 patients. Samples were collected without exogenous 
stimulation during a course of fractionated radiotherapy in- 
volving major portions of the salivary glands. Flow rate de- 
creased markedly during the initial 3 treatment days and 
gradually thereafter until a minimal flow rate was reached. 
Early in the treatment, variable degrees of recovery were 
seen on Mondays following a weekend (Friday-Sunday) with- 
out treatment. After a minimal flow rate was reached, no such 
recovery was observed. Radiation needed to produce minimal 
flow varied from 450 to 4,050 rad. Patients with higher initial 
flow rates required higher dosages to reach the minimum. No 
return of secretory function was noted after extended periods 
of time. 


Introduction 


As early as 1911, Bergonié and Spéder [1] reported that 
radiation treatment decreased salivation and caused 
eating difficulties. Radiotherapy-induced xerostomia in 
patients treated for head and neck malignancy has been 
widely described clinically [2-20], and histopathologic 
changes in salivary glands and alterations in salivary 
flow rate due to irradiation have been recorded in both 
animal [5, 21-33] and human [5-20] studies. The dosage 
and time required to produce the subjective sensation 
of "dryness of the mouth" have been reported as 1,500 
rads [6], 2,000 rads [8], between 2 and 6 hr after irradia- 
tion [5], by the third week [12], about the middle of the 
third week [13], and after 1-3 weeks of treatment [14]. 
Qualitative and quantitative changes in saliva after radio- 
therapy treatment were described only in general terms 
[14-17] until recently when several papers reported pre- 
cise measurements of flow rate changes in animals [30] 
and man [9, 10, 18]. Saliva samples after radiotherapy 
[19] and serial saliva samples from a single gland, usually 
the parotid, have been reported [5, 8-10, 19]. 

Dreizen et al. [18] reported flow changes in stimulated 
whole saliva generated by the chewing of sterile rubber 
bands with two samples obtained prior to radiation 
therapy and then one sample weekly. Shannon et al. 
[20] documented decreases in unstimulated whole saliva 
flow on a weekly basis during therapy. 

In this study, sequential changes in the flow rate of 
resting whole saliva were studied during a course of 
fractionated radiotherapy when major portions of the 
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salivary glands were included in the field. Possible clini- 
cal implications are discussed. 


Materials and Methods 


Thirteen male patients aged 45-74 years (mean, 58 years) 
had similar treatment fields and other factors which made them 
suitable for this investigation. They were positioned as de- 
scribed by Fletcher [34] for treatment of malignancies of the 
head and neck. The patient's head was placed horizontally on a 
head holder, and a vertical beam shaped with lead locks was 
used to irradiate the area of the primary tumor and upper part 
of the neck. Supraclavicular fields were treated using anterior 
fields with the patient supine. The amount of salivary gland 
tissue irradiated was calculated by comparing the extent and 
boundaries of radiation fields with the normal position of glands 
[35]. 

Radiation was administered at 80 cm source-skin distance, 
with parallel opposed lateral fields and one-to-one loading. 
Since dosage was fairly uniform within the treated volume, all 
salivary glands were considered uniformly irradiated. Radiation 
dosage ranging from 4,500 to 6,300 rad was delivered to the 
tumor by treatments of 225 rad per day, four times a week 
(Monday through Thursday), by the same staff, using a rota- 
tional 9?Co teletherapy unit. The field of radiotherapy included 
virtually all major and minor salivary glands. 

Ten patients received radiotherapy as primary treatment for 
a head and neck malignancy: mobile portion of tongue, four; 
base of tongue, three; tonsillar fossa, two; and retromolar 
trigone, one. Three patients received postoperative radiother- 
apy after surgical excision of the primary tumor in either the 
pyriform sinus or the epiglottis. 

Unstimulated whole saliva samples were collected prior to 
and during the course of radiotherapy. Samples were collected 
at midmorning prior to radiation treatment. Patients were seated 
comfortably in an area with minimal external distractions. They 
were instructed to sit quietly, minimize oral movements and 
allow saliva to drool into a plastic funnel placed in a graduated 
tube [36, 37]. Collection periods were timed precisely for later 
calculation of flow rates. Two samples were collected in a 10 
min interval. The first 5 min sample was discarded; the second 
was used for measuring flow rate. The time period for collection 
of the sample was extended to 20 min when no saliva or only a 
trace was collected during the initial 10 min. Student's t test 
was used for all statistical comparisons. 


Results 


Wide variations in initial whole saliva flow rates were 
found among patients prior to radiotherapy (table 1). 
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TABLE 1 
Flow Rate Changes after Weekend Therapy Interruptions 











Average Flow Rate (ml/min) 








Patient e Te Value Previous — Total Change 

B-0504 ........... 1.46 0.25 |  — 0.40 +0.15 
(2)* (2) (2) 

H-8490 ........... 1.21 0.12 0.50 4 0.38 
(2) (1) (1) 

H-3535 5c kcsvuses 0.87 0.21 0.73 +0.52 
(4) (3) (3) 

V-5588 loser 0.75 0.20 0.40 +0.20 
(4) (2) (2) 

D-737TO .... ceases 0.70 0.30 0.20 —0.10 
(6) (1) (1) 

FEDES ees 0.61 0.20 0.82 +0.61 
(6) (1) (1) 

ee 0.61 0.09 0.17 +0.08 
(7) (3) (3) 

hi rer 0.50 0.10 0.21 +0.11 
(3) (2) (2) 

W-5627 ........... 0.40 0.06 0.30 +0.24 
(1) (1) (1) 

J-4389 ........... 0.39 0.04 0.06 +0.02 
(2) (2) (2) 

H-8887 ORE 0:37 0.02 0.08 +0.06 
(4) (3) (3) 

B-0788 ........... 0.19 0.07 0.08 +0.01 
(2) (3) (3) 

DATA uae etes 0.15 0.04 0.03 — 0.01 
||. (9 (2) (2) 

Mean + SD ..... 0.63 + 0.38 0.13 + 0.09 0.31 + 0.25 0.18 + 0.21 


* Number of values averaged. 


Initial values, which were the mean of pretherapy flow 
rates, ranged from 0.15 to 1.46 ml/min (mean, 0.63 ml/ 
min, SD = 0.38). Patient W-5627 had a single sample; all 
others had from two to seven whole saliva samples 
collected prior to radiotherapy, with some variation in 
flow rate noted for each patient. 

Ten patients had samples of saliva taken at intervals 
that ranged from 20 days to 17 months after radiother- 
apy, with a mean follow-up time of 164 days. In no case 
was there evidence of flow rate recovery after irradiation; 
flow rates were always below 0.1 ml/min. After varying 
periods of time, patients reported improvement in the 
xerostomia experienced during and after radiation ther- 
apy. This is of interest since the measurable resting flow 
rate did not improve after termination of therapy. Pa- 
tients frequently stated that their mouths were much 
more comfortable than before, even though the amount 
of saliva had evidently not increased. 

A consistent pattern was found for all patients when 
plotted in a Cartesian coordinate system with flow rate 
plotted against the cumulative number of rads and days 
when samples were taken (fig. 1). The flow rates de- 
creased rapidly from the beginning of therapy, and a 
downward trend was established. This continued until 
the values reached a low of almost total dryness (i.e., 
below 0.1 ml/min). After this low point was reached, the 
curve flattened out and remained so throughout treat- 
ment. Several interesting details within this pattern were 
analyzed. 
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Fig. 1. Whole saliva flow rate for patient H-3535 showing recovery 
after 3 days without treatment. Samples were collected prior to radiation 
therapy. Preradiation flow rate of 0.87 ml/min is mean of samples 
collected on 4 days. 


Initial changes 


One important objective was to determine how soon 
changes in whole saliva flow rate occurred after the first 
treatment. The mean rate for each patient prior to radio- 
therapy was considered as baseline flow or 10095 . Since 
only five patients had samples collected the first day of 
treatment, the flow rates for the first three treatment 
days were combined in order to apply statistical analysis. 
The mean for the 13 patients was 35.9% (SD = 14.5) of 
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TABLE 2 
Cumulative Dosage and Time to Produce Minimal Flow Rate 





Initial Flow Rate 








Beginning of Minimal Flow Rate 











Patient (ml/min) 
ESOBDA ocarina 1.46 
ABL 2 bo gawesees 1.21 
ies Leceesaeesess 0.87 
VRBES Loeoeciocesss 0.75 
EPO sug iewiseus 0.70 
K-8396 ....... e 0.61 
POSI 2 Secs Sows 0.50 
JAIGI Liu escccs 0.39 
a Leva raa 0.37 
BOTOS MES 0.19 
ay vl ae are 0.15 

Mean + SD ..... 0.65 + 0.41 





— Days from First Treatment 
3,825 35 
3,825 33 
4,050 33 
2,025 19 
2,475 20 
1,125 9 
2,250 16 
1,125 7 

450 3 

2,700 20 

1,800 13 
2.332 + 1,200 18.9 + 10.9 





Note. — Treatment was terminated in two patients (H-0216 and W-5627) prior to reaching minimal flow rate. 


the baseline flow rate. This lowering of flow was statisti- 
cally significant (P < .001). 

Flow rates for samples taken on Monday were ex- 
cluded from this initial computation since the patients 
had not received radiation for 3 days. When the Monday 
samples were analyzed using the previous method, it 
was found that the mean flow rate of 76.8% (SD = 18.9) 
was significantly higher (P < .001) than for samples 
taken on other days of the week. The fluctuations of 
flow during radiotherapy provided a specific pattern, 
and it became evident that on Mondays, after 3 days 
without treatment, there was a frequent recovery of flow 
rate. 

This finding is illustrated in figure 1 by plotting the 
flow rate of a patient who received 225 rad from parallel 
opposed fields on days 1, 2, and 5-8, which resulted in 
a marked decrease in flow to 0.15 ml/min. After no 
radiotherapy treatment on days 9-11, gland function 
recovered to a rate on Monday morning (day 11) of 1.24 
ml/min. This same phenomenon is repeated on day 19 
and day 27 with recovery from a low of 0.22 ml/min to 
0.49 ml/min and 0.2 to 0.52 ml/min, respectively. No 
recovery was noted after this time; however, a few minor 
random variations of flow were noted. 

To analyze the significance of this finding, Monday 
flow rates were compared to the last saliva sample from 
the previous week. Table 1 shows the analysis of flow 
changes during weekends. An increase in salivation 
after weekends without treatment was present in 11 of 
the 13 patients (85%); only two (15%) had a decrease. 
Monday values were significantly (P — .02) higher than 
the last value of the previous week. This recovery of 
flow appears more often and is more marked in patients 
with initially high flow values (table 1). 


Dose to Produce Minimal Flow Rate 


A time occurred during treatment when the downward 
trend of the flow curve became flattened. After this point 
only minimal daily variations were present. This change 
occurred in most patients when saliva flow became less 
than 0.1 ml/min, our criterion for minimal flow rate. In 


two cases with very low initial flow rates (patients B- 
0788 and D-7474) this minimal rate was reached within 
the first week after start of therapy, and the downward 
trend continued to virtually complete dryness. Variations 
of flow in the flat part of the curve were minimal, and 
once the minimal rate was established the values never 
went above 0.1 ml/min. Table 2 shows the cumulative 
rads and days after the first treatment that produced 
minimal flow in each patient. Individual variation ranged 
from 3 to 36 days (mean, 18.9 days) and from 450-4,050 
rad (mean, 2,332 rad). Patients with high initial saliva 
flow required more radiation over a longer period to 
achieve the minimal flow rate. 


Rate of Decrease 


To establish the slope of the flow rate decrease, we 
attempted to provide representative curves for each 
patient. Because of the marked variations produced by 
the recovery during weekends, only samples taken on 
the same day of the week were compared. Patients with 
high initial values experienced a marked drop of flow 
during the first week; thereafter their rates slowly de- 
creased until reaching minimal levels. When initial values 
were low, a flatter type of curve was seen. All these data 
resembled the exponential decay type of curve. Suffi- 
cient information was available for nine patients to draw 
the model that gave the closest fit for each patient using 
the nonlinear least squares method [38]. The "decreas- 
ing rate constant" for each curve was calculated. This 
constant was very similar in six cases. Three patients 
had a steeper rate of decrease, but two of these had low 
initial flow rates; because of the small changes in flow 
rate, these data may not be as meaningful. In general it 
seems that the rate of decrease was similar in most 
patients. 

The decreasing rate constant was correlated with ini- 
tial flow rate using the Pearson product moment corre- 
lation method. A negative correlation (r = —.299) not 
significantly different from zero was obtained. Hence, 
the rate of decrease may be independent of the initial 
flow rate. 
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Discussion 


The mean preirradiation whole saliva flow rate was 
similar to that described by others [39, 40]. The large 
individual variations in our material (table 1) are consist- 
ent with published data [8, 36, 41]. Multiple factors such 
as age [42], method of collection [43, 44], time of day 
[41, 45, 46], presence of cancer [19], and drugs [42, 47, 
48] influence flow rate. The significance of single saliva 
measurements is questionable; however, the compari- 
son of serial values in the same patient taken by the 
same method under similar circumstances produces 
useful information. It has been claimed that resting 
saliva seems more reliable because it is less subject to 
fluctuations than stimulated saliva in the same individual 
[36]. Although there seems to be some relation between 
resting and stimulated flow rates, we cannot conclude 
that our findings would be the same for stimulated 
saliva. As an extension of this study, resting and stimu- 
lated whole saliva is being collected and rates will be 
compared. 

The significant decrease in saliva flow during the first 
days of treatment coincides well with other published 
studies [8] and corroborates the statements of others [5, 
11]. Hyperamylasemia as an indicator of acinar cell 
damage has been demonstrated within hours after a 
single dose as low as 100 rad [5]. Hyperamylasemia has 
been considered to be proportional to salivary gland 
damage after radiotherapy [49], with increases by the 
third hour and peaks reached between 9 and 36 hr [5]. 
Ultrastructural morphological evidence of acinar cell 
damage has been reported [32] as early as 2 hr after 
1,600 rad. 

The number of rads delivered during radiotherapy and 
the time required to produce xerostomia is of interest to 
clinicians because of the effect this loss of saliva has on 
taste, appetite, and tooth decay [6, 50-54]. Additional 
data are necessary to determine how much the flow 
must be reduced to produce the subjective sensation of 
dryness. Our data show that large individual variations 
exist in the time and dose necessary to produce minimal 
salivary flow. Patients with initial high flow required a 
longer time and larger doses of radiation to produce 
minimal flow (table 2). 

This same phenomenon was observed in studies of 
parotid gland flow rates by Eneroth et al. [8] who postu- 
lated that parotid glands with high preirradiation flow 
rates were less sensitive to irradiation than glands with 
low preirradiation rates. The data in our study seem to 
indicate that this is due to the characteristics of the 
response curve rather than to different dose-response 
sensitivities and that the decreasing of salivary flow by 
radiation follows an exponential decay type of curve 
which was suggested by Eneroth et al. [9]. In this model, 
when the decreasing rate constant is similar, the same 
amount of radiation will decrease flow by the same 
percentage. But to diminish flow from 10096 to 1096 
would require three times the dose required to lower it 
from 100% to 50%. If minimal flow rate is always below 
0.1 ml/min, patients with high initial flow rates (around 
1.0 ml/min) would require a decrease in flow of 9096 to 


reach minimal rates, while those with low initial flows of 
0.2 ml/min, would need only 5096 reduction. On this 
basis, a patient with a high initial flow rate should 
require three times more rads to produce minimal flow. 
This is consistent with our observations. 

To our knowledge the occurrence of partial recovery 
of flow during the radiotherapy course has not been 
previously reported. Our 4 day fractionation technique, 
leaving 3 days at the end of the week without treatment, 
may have made this phenomenon more striking than the 
usual 5 days a week fractionation. We do not know the 
mechanism for this recovery, and further investigation is 
needed. It is of interest that the hyeramylasemia pro- 
duced by radiotherapy is reported to return to the initial 
value after 72-96 hr [5, 55]. 

Recovery of function after a full course of radiotherapy 
is controversial. It has been stated that after vigorous 
treatment, secretions rarely return to a normal level [4], 
and depressed flow has been observed as long as 5 
years after cobalt treatment [11]. On the other hand, it 
has been reported that after 2-6 months, the salivary 
flow increased in certain patients [11] and that "after 1 
year or 2, even in the worst cases condition improved to 
a point that it is no longer a source of trouble" [56]. 
Return to normal salivary function after high radiother- 
apy doses has also been described [9]. Our study indi- 
cates that there is no recovery of flow when the major 
salivary glands are in the treatment field and receive the 
dosages mentioned; however, there is some subjective 
improvement with time. 


ACKNOWLEDGMENT 


We thank Mary Sheffield for her efforts in obtaining saliva 
samples and her interest. 


REFERENCES 


1. Bergonié J, Spéder E: Sur quelques formes de reactions 
précoces aprés des irradiations Róntgen. Arch Electric 
Med 19:241-251, 1911 

2. Murphy WT: Radiation Therapy, 2d ed. Philadelphia, Saun- 
ders, 1967 

3. Buschke F, Parker RG: Radiation Therapy in Cancer Man- 
agement. New York, Grune & Stratton, 1972 

4. Moss WT, Brand WN, Battifora H: Radiation Oncology, 4th 
ed. St. Louis, Mosby, 1973 

5. Kashima HK, Kirkham WR, Andrews JR: Postirradiation 
sialadenitis. A study of clinical features, histopathologic 
changes and serum enzyme variations following irradiation 
of human salivary glands. Am J Roentgenol 94:271-291, 
1963 

6. Blozis GG, Robinson JE: Oral tissue changes caused by 
radiation therapy and their management. Dent Clin North 
Am, November 1968, pp 643-656 

7. Ackerman LV: The pathology of radiation effect or normal 
and neoplastic tissue. Am J Roentgenol 114:447-459, 1972 

8. Eneroth CM, Henrikson CO, Jakobsson PÀ: Preirradiation 
qualities of a parotid gland predicting the grade of func- 
tional disturbance by radiotherapy. Acta Otolaryngol 
(Stockh) 74 :436-444, 1972 

9. Eneroth CM, Henrikson CO, Jakobsson PA: Effect of frac- 
tionated radiotherapy on salivary gland function. Cancer 





10. 


11. 


12. 


13. 


14. 


15. 


16. 


i. 


18. 


19. 


20. 


21. 


ec. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


SALIVA FLOW CHANGES INDUCED BY RADIOTHERAPY 


30:1147-1153, 1972 

Eneroth CM, Henrikson CO, Jakobsson PÀ: The effect of 
irradiation in high doses on parotid glands. Acta Otolaryn- 
gol (Stockh) 71:349-356, 1971 

Frank RM, Herdly J, Philippe E: Acquired dental defects 
and salivary gland lesions after irradiation for carcinoma. J 
Am Dent Assoc 70:868-883, 1965 

Rubin RL, Doku HC: Therapeutic radiology —the modalities 
and their effects on oral tissues. J Am Dent Assoc 92:731- 
739, 1976 

Robinson JE: Dental management of the oral effects of 
radiotherapy. J Prosthet Dent 14:582-587, 1964 

Desjardins AU: Action of roentgen rays and radium on the 
gastrointestinal tract. Experimental data and clinical radio- 
therapy. Am J Roentgenol 26:145-190, 335-370, 493-510, 
1931 

Del Regato JA: Dental lesions observed after roentgen 
therapy in cancer of the buccal cavity, pharynx, and larynx. 
Am J Roentgenol 42:404-410, 1939 

Sharp GS: The pH of human mixed saliva during irradiation 
for intraoral carcinoma. Am J Roentgenol 25:266-270, 1931 
Kasboum WJ: Histopathology of irradiated salivary glands 
(abstr). J Dent Res 32:658, 1953 

Dreizen S, Brown LR, Handler S, Levy BM: Radiation- 
induced xerostomia in cancer patients. Effect on salivary 
and serum electrolytes. Cancer 38:273-278, 1976 

Dutta TK, Bhattacharjee TK, Gupta BD, Popli SP: Parotid 
sialometry —a functional study of the parotid gland in pre- 
and postirradiation head and neck cancers. /ndian J Med 
Sci 27 :461-464, 1973 

Shannon IL, Starcke EN, Wescott WB: Effect of radiother- 
apy on human saliva flow. J Dent Res 56:693, 1977 

Elzay RP, Levitt SH, Sweeney WT: Histologic effects of 
fractionated doses of selectively applied megavoltage irra- 
diation on the major salivary glands of the albino rat. 
Radiology 93:146-152, 1969 

English JA: Morphologic effects of irradiation on salivary 
glands of rats. J Dent Res 34:4-11, 1955 

Cherry CP, Glucksmann A: Injury and repair following 
irradiation of salivary glands in male rats. Br J Radio! 
32 :596-608, 1959 

Shafer WG: The effect of single and fractionated doses of 
selectively applied x-ray irradiation on the histologic struc- 
ture of the major salivary glands of the rat. J Dent Res 
32:796-806, 1953 

Burstone MS: A histochemical study of normal and irradi- 
ated salivary gland tissue in the mouse. Anat Rec 115:543- 
557, 1953 

Burstone MS: Studies on the effect of radioactive colloidal 
gold on the development of the oral structures of the 
mouse. Arch Pathol 50:419-426, 1950 

Nemes JL, Wheatcroft MG, Leopold RS: Effects of total 
body x-radiation on salivary components of dogs. J Dent 
Res 31:603-608, 1952 

Van Den Brenk HA, Sparrow N, Moore V: Effect of x- 
radiation on salivary gland growth in the rat. |. Effect of 
single doses on postnasal differentiation and growth of 
acinar and duct components. /nt J Radiat Biol 16:241-266, 
1969 

Ito M: Biological effects of x-irradiation on salivary glands 
of mice. Radiat Res 30:283-300, 1967 

Phillips RM: X-ray-induced changes in function and struc- 
ture of the rat parotid gland. J Oral Surg 28:432-437, 1970 
Pratt NE, Sodicoff M: Ultrastructural injury following x- 
irradiation of rat parotid gland acinar cells. Arch Oral Biol 
17:1177-1186, 1972 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


91. 


52. 


53. 


54. 


55. 


56. 


149 


Sholley MM, Sodicoff M, Pratt NE: Early radiation injury in 
the rat parotid gland. Reaction of acinar cells and vascular 
endothelium. Lab Invest 31:340-354, 1974 

Sodicoff M, Pratt NE, Sholley MM: Ultrastructural radiation 
injury of rat parotid gland: a histopathologic dose-response 
study. Radiat Res 58:196-208, 1974 

Fletcher GH: Textbook of Radiotherapy. Philadelphia, Lea 
& Febiger, 1973 

Lochart RD, Hamilton GF, Fyfe FW: Anatomy of the Human 
Body. Philadelphia, Lippincott, 1959 

Becks H, Wainwright WW: Human saliva. XII. Rate of flow 
of resting saliva of healthy individuals. J Dent Res 22:391- 
396, 1943 

Mason DK, Chisholm DM: Salivary Glands in Health and 
Disease. Philadelphia, Saunders, 1975 

Dixon WJ: Biomedical Computer Programs. Berkeley, Uni- 
versity of California Press, 1974 

Schneyer LH, Levin LK: Rate of flow of "resting" saliva 
from individual gland repairs in man (abstr). J Dent Res 
33 :716-717, 1954 

Holmes JH: Changes in salivary flow produced by changes 
in fluid and electrolyte balance. /nt Ser Monogr Oral Biol 
3:177-195, 1964 

Dawes C: Circadian rhythms in human salivary flow rate 
and composition. J Physiol (Lond) 220:529-545, 1972 
Lyons DC: Oral tissue reactions to accumulations of sys- 
temic pharmaceuticals. J Oral Med 29:72-74, 1974 

Ericson S: An investigation of human parotid saliva secre- 
tion rate in response to different types of stimulation. Arch 
Oral Biol 14:591-596, 1969 

Enfors B: The parotid and submandibular secretion in man. 
Quantitative recordings of the normal and pathological 
activity. Acta Otolaryngol [Suppl] (Stockh) 172:1-67, 1962 
Dawes C, Ong BY: Circadian rhythms in the flow rate and 
proportional contribution on parotid to whole saliva volume 
in man. Arch Oral Biol 18:1145-1153, 1973 

Schneyer LH, Levin LK: Rate of secretion by individual 
salivary gland pairs of man under conditions of reduced 
exogenous stimulation. J App! Physiol 7 :508-512, 1955 
Scopp IW, Heyman RA, Goldberg MA, Croy DJ: Dryness of 
the mouth with use of tranquilizers: chlorpromazine. J Am 
Dent Assoc 71:66-69, 1965 

Tully TA: Drug induced xerostomia and severe dental pa- 
thology: the role of psychotropic drugs. J Hosp Dent Pract 
5 :122-125, 1971 

Van Den Brenk HA: Radiation damage to salivary glands. 
Br J Radiol 42:799, 1969 

Carl W, Schaaf NG, Chen TY: Oral care of patients irradiated 
for cancer of the head and neck. Cancer 30:448-453, 1972 
Conger AD: Loss and recovery of taste acuity in patients 
irradiated to the oral cavity. Radiat Res 53 :338-347, 1973 
Daly TE, Drane JB, MacComb WS: Management of prob- 
lems of the teeth and jaw in patients undergoing irradiation. 
Am J Surg 124:539-542, 1972 

Silverman S Jr, Chierici G: Radiation therapy of oral carci- 
noma. |. Effect on oral tissues and management of the 
periodontium. J Periodontol 36: 478-484, 1965 

Wescott WB, Starcke EN, Shannon IL: Chemical protection 
against postirradiation dental caries. Ora/ Surg 40:709- 
719, 1975 

Van Den Brenk HA, Hurley RA, Gomez C, Richter W: Serum 
amylase as a measure of salivary gland radiation damage. 
Br J Radiol 42 :688-700, 1969 

Fletcher GH: Radiotherapy in the management of cancer of 
the oral cavity and oropharynx. Springfield, IIl., Thomas, 
1962 


A Study of Dose Distribution Patterns from Cobalt-60 and 
Varian Clinac-4 Beams 


RAVI NAIR! AND MUKUND KARTHA' 


Dose distribution patterns of 4 MV x-rays from a Varian 
Clinac 4 linear accelerator are compared with those from a 
6Co teletherapy machine. Field flatteners of lead and de- 
pleted uranium were used. Dose distribution maps display 
the off-axis high dose or “horns” with lead filters and circular 
dose distribution patterns. The uranium field flattener clearly 
“clipped the horns” and eliminated circular dose distribu- 
tion patterns with larger fields. 


Most extended field treatments are delivered by °°Co 
gamma ray beams or 4 MV x-ray beams from linear 
accelerators. To study the reported off-axis high dose 
associated with 4 MV x-rays and lead filters [1, 2], we 
mapped the dose distribution with thermoluminescent 
dosimeters and ionization chambers at a depth of maxi- 
mum dose in a plane perpendicular to the beam. The 
thermoluminescent dosimeter method (using TLD-100 
powder) was selected because of its demonstrated suit- 
ability for this type of measurement [3-5]. lonization 
chamber systems were used to measure beam profiles 
at various depths in a water phantom. 


Materials and Methods 


Field sizes ranging up to 40 x 40 cm? from a *?Co teletherapy 
machine with a 2 cm diameter source and from a Varian Clinac 
4 (Varian Associates, Palo Alto, Calif.) were selected for study. 
Three field flatteners, two of lead and one of depleted uranium, 
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were used to flatten the 4 MV x-rays to obtain dose distribution 
maps. 

Lithium fluoride powder in monocrystalline layers was ar- 
ranged along a 2 cm matrix at the surface and at peak depth in 
a 47 x 47 x 30 cm? solid polystyrene phantom. This was used 
to measure dose distribution along the planes at the surface 
and at peak depth. Measurements were obtained during a 
single exposure along 16 radii within the field at peak depth. 


Results 


Although dose distributions in several fields were stud- 
ied, only dose distribution at dmax in two typical fields 
will be discussed. All values are normalized to 100 at 
central axis at peak depth. The useful beam is defined 
as the field delineated by the light field. Figure 1A shows 
the dose pattern in a 10 x 10 cm? field from a *?Co 
beam. Within the beam there is a rapid dose falloff, with 
90965-10096 covering one-third of the useful beam. The 
dose pattern in a similar field from a Varian Clinac 4 
with lead beam flattener is shown in figure 1B. An 
increase in dose of about 596-796 was noted about 4 cm 
from the central axis, with 10096 covering about three- 
fourths of the useful beam. The pattern obtained in a 
similar field of 4 MV x-rays flattened by a uranium filter 
is shown in figure 1C. The pattern remains about the 
same, but the high dose region is eliminated. 

Figure 2A illustrates the distribution in a 40 x 40 cm* 
6Co beam. The uniformity within this large field is 
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Fig. 1.— Dose distribution along plane perpendicular to beam at d max normalized to 100 at central axis for 10 x 10 cm? field. A, °°Co gamma rays. B, 
4 MV x-rays from Varian Clinac 4 flattened by lead filter. C, Same as B but flattened by uranium filter. 
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Fig. 2.— Dose distribution along plane perpendicular to beam at d max normalized to 100 at central axis for 40 x 40 cm? field. A, °°Co gamma rays. B, 
4 MV x-rays from Varian Clinac 4 with lead filter as field flattener. C, Same as B but with another lead filter as field flattener. D, Same as B but with 


uranium filter as field flattener. 


noticeable, with 90965-10096 covering about two-thirds of 
the area and 5096 covering the useful beam. A situation 
in a similar beam of 4 MV x-rays flattened by a lead filter 
is shown in figure 2B. The high dose regions are off 
center, and there is a circular dose distribution pattern. 
The dose pattern in this beam is nonuniform and unde- 
sirable for patient treatment. Figure 2C shows the dose 
pattern from a 40 x 40 cm? field with 4 MV x-rays 
filtered by another lead filter supplied by the same 


manufacturer. This filter changed the dose pattern, al- 
though the circular dose distribution remained unal- 
tered. The difference between the two filters may possi- 
bly be attributed to improper positioning of the filter by 
the manufacturer. Dose distribution in a 40 x 40 cm? 
field with uranium filter is shown in figure 2D. The 
uranium filter produced a much better dose uniformity 
within the beam, and the circular dose pattern is no 
longer predominant. 
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Fig. 3.— Transverse plots for four different fields at 80 cm SSD at d max with lead (solid lines) and uranium (dashed lines) field flatteners. 


The dose in a plane perpendicular to the central axis 
of the beam was studied by scanning with a 0.2 cm? 
ionization chamber in a large water phantom (50 x 50 x 
60 cm?). Longitudinal and transverse scans at various 
depths from dmax to 10 cm for different field sizes were 
taken. Sample distributions for four field sizes at dmax 
and at 10 cm depth in water are shown in figure 3. 
These data were verified by thermoluminescent dosime- 
ters and 0.6 cm? Farmer ionization chamber measure- 
ments at preselected points along the plane. Dose values 
were normalized to the central axis for each field size to 
give relatively uniform distribution at different depths. 
The dose distribution in large field sizes remained non- 
uniform even at depths generally used for patient treat- 
ment with 4 MV x-rays flattened by lead filters. With 
uranium beam flatteners, the field uniformity was consid- 
erably improved and acceptable for radiation therapy. 


Discussion 


The original model of Varian Clinac 4 was fitted with a 
brass filter which produced flatter distribution with large 
fields but a poorly flattened distribution for small fields. 
Later, a lead flattening filter was designed to improve 
the dose distribution in the complete range of available 
field sizes, with reduced penumbra, better depth doses, 
and added skin sparing. However, this filter reduced the 
peak x-ray output by about 1096 [6]. Our results indicate 
that the flatness of isodose distribution in small fields is 
improved considerably with a lead flattening filter. How- 
ever, the flatness of dose distribution in larger field 
sizes is markedly reduced. Even though the isodose 
curves at 10 cm and below are satisfactorily flat, a 
circular troughlike pattern is distinct at shallower depths. 

All Varian lead filters and all uranium filters are sup- 
posed to be identical. The two lead flattening filters that 
we studied varied considerably in beam flattening, espe- 
cially with large fields. It has been demonstrated that 
two "identical" beam flattening filters do not necessarily 
produce the same results. It is possible that the material 


used in the construction of filters may vary enough to 
produce differences of the magnitudes observed here, 
even when the filter dimensions are the same. The con- 
sequences of using a circular filter smaller than the mas- 
ter collimator are evident in the circular distributions ob- 
served in large fields. Improvement of field flatness for 
small fields using lead flattening filters results in a sacri- 
fice of uniformity in large fields at d max depth. 

Uranium filters are larger in diameter than lead filters 
and are constructed to cover the edge of the largest 
field available [7]. Shape and size of filters are apparently 
more important than the material. Our study showed 
that the uranium filter eliminated the circular dose distri- 
bution pattern while producing better dose uniformity 
within the beam. Unfortunately this was achieved at the 
expense of reduced output (up to 25%-30%), resulting 
in longer treatment time [7]. 
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Case Reports 


Cardiac Herniation with Volvulus after Pheumonectomy 


ROLF D. ARNDT,’ C. GORDON FRANK? ALFRED L. SCHMITZ,' AND SAMUEL B. HAVESON' 


This report describes and reviews a rare but critical 
surgical complication, cardiac prolapse from a rent in 
the pericardium after thoracic surgery, especially pneu- 
monectomy. To date approximately 41 cases of postop- 
erative cardiac herniations have been reported in the 
world literature. In most of these cases, the initial tho- 
racic surgery was for carcinoma of the lung. The mortal- 
ity from this complication is approximately 40% [1]. 


Case Report 


A 55-year-old Caucasian woman had a history of breast 
carcinoma, treated with radical mastectomy and chemotherapy. 
One year later she entered our hospital complaining of a 
productive cough. Chest film showed right upper lobe atelec- 
tasis and a mass. Bronchoscopy and pathologic sections re- 
vealed bronchogenic epidermoid carcinoma occluding the right 
upper lobe bronchus. 

Treatment consisted of intrapericardial right pneumonec- 
tomy. Surgery was uneventful and performed through a poste- 
rior lateral thoracotomy. While being moved to the supine 
position, there was a rapid deterioration of vital signs. Physical 
findings consisted of hypotension, tachycardia, and cardiac 
impulse on the right side. When the patient was repositioned 
from supine to left lateral decubitus, the vital signs returned to 
normal. Portable chest x-ray indicated cardiac prolapse with 
pneumopericardium (fig. 1). The patient was reexplored, car- 
diac prolapse reduced, and a pericardial rent covered with a 
pleural graft. Within hours it became evident that the patient 
had suffered a large cerebral infarct in the right parietal lobe 
(verified with CT scan), resulting in a left hemiparesis. The post- 
operative recovery was otherwise unremarkable. 


Discussion 


Causes of postsurgical cardiac prolapse from the per- 
icardium include: pneumonectomy or lobectomy involv- 
ing partial resection or entry of the pericardium (this 
approach allows easiest exposure of the hilar vessels of 
the lung); pericardiotomy; and incomplete closure of 
any pericardial defect [2]. Inciting causes for the actual 
prolapse usually involve mechanical forces such as mov- 
ing the patient, severe coughing, extubation, connection 
of a chest tube to high suction, or positive pressure 
breathing application to the remaining lung while evac- 
uating the pneumonectomy space [1-5]. 
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The event is most frequent in the immediate postoper- 
ative period. The clinical findings are nonspecific but 
fall into two broad categories: (1) severe low output 
circulatory failure, and (2) acute superior vena cava 
syndrome with profound cyanosis of the face and neck 
with engorged jugular veins. 

It is likely that the attending physician will consider 
more common causes for the progressing shock, such 
as airway obstruction, cardiac arrest, or intrathoracic 
and mediastinal hemorrhage. The latter is particularly 
difficult to differentiate since heart sounds may be dis- 
tant in cardiac prolapse, suggesting tamponade. Electro- 
cardiographic changes are frequently nonspecific. The 
chest film is the single most important diagnostic exam- 
ination and must be performed as soon as possible. 

Radiographic signs of cardiopericardial prolapse are: 

1. An obviously abnormal cardiac contour. Examples 
include a spherical heart with an incisura between the 
cardiac mass and the great vessels (cardiac incarcera- 
tion in a small pericardial rent) [1, 2, 5]; and far lateral 
and posterior displacement of the cardiac apex which 
may come to rest in the posterior costophrenic angle 
(ipsilateral complete herniation through a large defect 
including an organoaxial volvulus of the heart) [1]. 

2. The cardiac apex on the wrong side of the chest, 
usually in the hemithorax where surgery occurred [1]. It 
is vital that the right or left side of the patient be properly 
identified (fig. 1). 

3. An empty pericardial sac containing air from an 
associated pneumothorax or the pneumonectomy space 
[2] (fig. 1). 

Chances for survival appear better with complete 
rather than partial cardiac prolapse, because the latter 
results in cardiac incarceration and myocardial ischemia 
[6]. Right-sided cardiac herniation tends to be complete 
and is accompanied by volvulus of the heart, torsion of 
the atriocaval junctions, and right ventricular outflow 
tract obstruction. This type of prolapse is most likely to 
produce acute superior vena cava syndrome [1, 5]. The 
ensuing hemodynamic shock is primarily the result of 
counterclockwise cardiac malrotation without direct 
compression or damage to the heart itself. Left-sided 
herniation, on the other hand, is usually partial. The 
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ensuing cardiovascular collapse is the result of often 
irreversible myocardial ischemia caused by compression 
and incarceration of the cardiac muscle by the edges of 
the pericardial rent. This type of herniation is most likely 
to produce sudden generalized circulatory failure and 
death [5]. 

Cardiac prolapse remains a rare but catastrophic event 
following thoracic surgery or trauma. The chest film is 
the single most important diagnostic examination, and 
familiarity with the radiographic signs should allow 
prompt recognition and treatment of this grave condi- 
tion. 
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Fig. 1.—Portable chest film im- 
mediately after right pneumonec- 
tomy revealing cardiac prolapse and 
volvulus. Cardiac apex has her- 
niated to hemithorax where surgery 
occurred. Arrows indicate pneumo- 
pericardium with air originating 
from pneumonectomy space. Azy- 
gous vein is distended consistent 
with obstruction of superior vena 
cava. 
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Traumatic Pseudoaneurysms of the Thoracic Aorta: Two Unusual Cases 


JACK H. HIRSCH,’ STEPHEN J. CARTER, AND PAUL M. CHIKOS 


The mechanical considerations resulting in traumatic 
rupture of the thoracic aorta from sudden deceleration 
have been well described [1-5]. We present two patients 
surviving aortic injury with unusual pseudoaneurysm 
formation. 


Case Reports 
Case 1 


L. O., a 56-year-old white male, was admitted for evaluation 
of a mediastinal mass discovered on a routine chest radiograph. 
The patient had no symptoms referable to the chest, but had a 
past history of treated tuberculosis. The patient had also fallen 
two stories down an open elevator shaft in 1946 which resulted 
in multiple rib fractures, a head injury, and ankle fracture. He 
related no other significant trauma. Serology for syphilis was 
negative. 

Chest radiographs taken over a 14 year period were reviewed 
(fig. 1). A 3 cm soft tissue density seen adjacent to the aortic 
arch in February 1977 had increased in size since 1975. The 
mass was not present in 1963, but was detectable as a second 
contour adjacent to the aortic knob in 1971. Tomography 
revealed no calcification. An aortogram demonstrated the aneu- 
rysm, and at surgery a 3 x 5 cm pseudoaneurysm was removed 
from the aortic arch just proximal to the ligamentum arteriosum. 


Case 2 


P. S., a 59-year-old white male, was hospitalized in January 
1977 after sustaining multiple bilateral anterior and lateral rib 
fractures in an automobile accident resulting in a flail chest. 
The hospital course was complicated by left lower lobe pneu- 
monia which was treated. The patient was discharged after 12 
days. He was readmitted 17 days later with a 3 cm convex soft 
tissue density adjacent to the distal descending thoracic aorta 
(fig. 2). This finding was definitely not present on a pretrauma 
chest radiograph in December 1976. The region was obscured 
by atelectasis and infiltrate on the posttraumatic examinations 
during hospitalization, so its presence cannot be excluded 
during this interval. Aortography revealed the aneurysm, and at 
surgery a pseudoaneurysm of the distal thoracic aorta with an 
intimal tear originating in an atherosclerotic plaque was re- 
sected and replaced with a Cooley interposition graft. 


Discussion 


Torsional and shearing stresses produced by sudden 
deceleration may result in tears in the aortic wall extend- 
ing from the intima toward the adventitia [1]. If the tear 
is incomplete or successful tamponade is produced by 
the adjacent mediastinal tissues, a pseudoaneurysm can 
develop [3, 5, 6]. Less than 5% of all victims survive 
long enough to form a chronic pseudoaneurysm [7, 8]. 
Much less frequently the patient will survive a latent 
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period of a number of years before delayed development 
or enlargement of an aneurysm occurs [7, 9-11]. The 
longest interval was reported by Eiseman and Rainer [9] 
in a patient who sustained a chest injury 43 years before 
discovery of an aneurysm of the isthmus region which 
then enlarged over the ensuing 4 years. Rice and Witt- 
struck [4] described a patient who survived 27 years with 
an aneurysm only to die of a sudden rupture after 8 days 
of chest pain. Steinberg [11], in a series of five chronic 
aneurysms, had an asymptomatic survivor of 25 years. 
The first documented appearance of an aneurysm in our 
case 1 was 25 years after injury, with gradual enlarge- 
ment without symptoms over the subsequent 6 years 
(fig. 1). Although such long survival periods are rare, it 
is not exceptional for those surviving the first 3 weeks to 
develop delayed aneurysm enlargement with or without 
the most common symptoms of pain, dyspnea, or cough. 
In a series of 105 chronic traumatic aneurysms [7], 1796 
of the patients developed enlargement or symptoms 
more than 10 years after injury. Even though posttrau- 
matic pseudoaneurysms may be an incidental finding 
and appear stable over many years on chest radiography, 
there is evidence that the majority are progressive and 
will eventually develop complications [7]. Consequently 
elective resection is generally recommended. 

As seen from large postmortem series [3, 6, 12] the 
sites of aortic rupture in closed chest injury are generally 
predictable (table 1). In those surviving long enough to 
have arteriographic evaluation, results are even more 
striking: approximately 95% of the ruptures occurred in 
the region of the aortic isthmus at or just distal to the 
site of the ligamentum arteriosum [7, 8, 13-15]. Disrup- 
tion of the ascending aorta in particular results in a 
higher mortality often involving intrapericardial bleeding 
and acute tamponade. Symbas et al. [15] reviewed 105 
patients treated surgically in the first 3 weeks after 
injury, and only three patients had sites of rupture in the 
distal descending thoracic aorta, while 94 had tears 
through the isthmus region. 

There were no fractures of the thoracic spine or 
posterior ribs in our case 2, although these injuries were 
frequently associated with rupture of the descending 
thoracic aorta in two other series [3, 6]. The unusual site 
of pseudoaneurysm formation in case 2 may be ex- 
plained by two contributing mechanisms. Rice and Witt- 
struck [4] and Zehnder [5] described some anterior mo- 
tion during deceleration of the central portion of the de- 
scending thoracic aorta between its stabilizing points at 
the diaphragm and arch. The intimal tear in our patient 
occurred through the site of an atherosclerotic plaque 


' All authors: Department of Radiology, University of Washington and Veterans Administration Hospital, 4435 Beacon Avenue South, Seattle, 
Washington 98108. Address reprint requests to J. H. Hirsch at the Veterans Administration Hospital. 


Am J Roentgenol 130:157-160, January 1978 
€ 1978 American Roentgen Ray Society 


0361-803X/78/0100-0157 $02.00 


158 CASE REPORTS 





Fig. 1.—Case 1. A, Posteroanterior chest film in 1963 demonstrating normal mediastinal contours. B, Film in 1971 showing earliest detectable 
pseudoaneurysm as subtle second profile just inferior to aortic knob (arrow). C, Film in 1975 showing interval enlargement of pseudoaneurysm 
(arrow). D, Continued enlargement (arrows). E, Aortogram in anteroposterior projection (5 days after D) demonstrating wide-based pseudoaneurysm. 





Fig. 2.—Case 2. A, Pretrauma chest radiograph showin 


hospital discharge. Note how resolving left lower lobe pneumonia obscures distal thoracic aorta. C, Film 17 days later showing 
resolution of pneumonia and revealing convex bulge on lateral descending thoracic aorta representing pseudoaneurysm 
(arrows). D, Aortogram 1 day after C demonstrating pseudoaneurysm (arrows) and arteriosclerotic irregularity of lumen. 
Apparent change in position of aneurysm from posteroanterior chest radiographs is related to anteroposterior supine filming. 


g normal distal aortic contour. B, Posttrauma chest film prior to 
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TABLE 1 
Sites of Traumatic Aortic Tear in Autopsy Series 





Parmley et al. [3] 


Ascending aorta .... 64 
FEBR Sese cca ctos 22 
| DEEE 124 
Thoracic aorta ...... 35 
Abdominal aorta .... 13 
Multiple sites ....... IF 

Qo TEAT 275 


* Converted from percentage to number of cases. 


Strassman [6] 


CASE REPORTS 


Greendyke [12]* 


1 


(fig. 2). The combination of anterior motion in a region 
of plaque formation with its resultant increased rigidity 
may explain the susceptibility to injury in that area. 
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Transmural Thoracic Lipoma: Demonstration by Computed Tomography 


MICHAEL J. FAER,’ RONALD E. BURNAM,? AND CHARLES L. BECK' 


Thoracic lipomas are uncommon tumors [1, 2]. Many 
radiographic signs which aid in the preoperative diag- 
nosis have been described. Unfortunately, in the majority 
of cases reported, these radiographic findings were 
either not present or not definitive. Hence, the diagnosis 
of this benign tumor, usually occurring in asymptomatic 
patients, has required surgical exploration or needle 
biopsy [3, 4]. This report illustrates the usefulness of 
computed tomography (CT) in the preoperative diagno- 
sis and subsequent evaluation of transmural thoracic 
lipoma. 


Case Report 


A 66-year-old white male was admitted for an elective intra- 
capsular cataract extraction. The patient was asymptomatic 
except for a gradual decrease in visual acuity in the left eye. No 
palpable thoracic masses were noted. Routine preoperative 
chest radiograph demonstrated a sharply demarcated extra- 
pleural mass projecting into the posterolateral left hemithorax 
(fig. 1A). Fluoroscopy failed to show any change in the shape 
of the mass during respiration or with positional changes. 
Tomography revealed a sharply circumscribed lesion with a 
central region of relative radiolucency, surrounded by a thin 
rim of radiopacity (fig. 1B). No associated rib destruction or 
extrathoracic component was noted. 

A needle biopsy was performed, and a wet preparation 
demonstrated benign mature fat cells. A CT scan was obtained 
to confirm the composition of the tumor mass. Using the 
measure mode, magnification, and appropriate window level 
adjustment, a well circumscribed extrapleural tumor primarily 
composed of fat was demonstrated. CT further revealed that 
the intrathoracic component of the tumor was connected by a 
narrow isthmus of intercostal fatty tissue to an extrathoracic 
fat-containing region (figs. 1C and 1D). This morphologic ap- 
pearance was considered characteristic of a transmural thoracic 
lipoma. Surgical exploration and tumor mass removal was not 
considered necessary. 

During a recent 12 month observation period, the patient 
was followed by radiography with no change in tumor size. 
However, the mass was resected because of increasing patient 
anxiety. The surgical and histologic findings confirmed the CT 
image of a homogeneous transmural lipoma. 


Discussion 


Thoracic lipomas only produce symptoms when they 
become large enough to compress contiguous neuronal 
and cardiopulmonary structures [2]. They are usually 
composed of lobules of fat separated by fibrous septa, 
and may or may not have a thin fibrous capsule [5]. The 
fat within a lipoma, although indistinguishable from 
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normal fat, does not participate in metabolism and is 
not used during starvation [2]. 

Thoracic lipomas may be subdivided into three groups 
[1, 4, 5]. Intrathoracic lipomas are located entirely sub- 
pleurally, endobronchially, or within the parenchyma. 
Cervicomediastinal lipomas originate in the mediastinum 
and extend into the neck. The third group, transmural 
lipomas, have an intrathoracic and extrathoracic com- 
ponent which is connected by a narrow isthmus of fatty 
tissue extending transintercostally (as in our patient) or, 
rarely, through a sternal defect. 

Anatomically, the extrapleural space is bordered by 
ribs and parietal pleura and contains nerves, blood 
vessels, muscle, and areolar tissue. Because tumors 
can form in any of these elements, it is difficult for the 
radiologist to distinguish a benign lipoma or hematoma 
from a neurogenic tumor, fibroma, mesothelioma, or 
metastatic carcinoma. Several investigators have at- 
tempted to define radiographic signs which might aid in 
the diagnosis of thoracic lipomas. Relative radiolucency 
of a tumor mass [6] and change in the shape of the 
mass during respiration [7] and/or patient movement 
from the upright to the Trendelenberg position [8] have 
been reported as characteristic. Yet Shaub et al. [4] 
recently reported four cases of extrapleural lipoma in 
which these signs were not helpful in the preoperative 
diagnosis. 

The usefulness of CT in assessing fatty masses in the 
mediastinum has been documented [9]. The unique 
ability of CT to accurately delineate tumor boundaries, 
differentiate tissue composition, and assess three-di- 
mensional growth makes it ideally suited to aid in the 
diagnosis and evaluation of extrapleural masses. Al- 
though the radiographic findings in this case were highly 
suggestive, the diagnostic certainty and accurate delin- 
eation of tumor composition and extent were greatly 
enhanced by the CT scan. 

Since most patients with thoracic lipomas are asymp- 
tomatic, surgical removal is primarily a diagnostic, rather 
than a therapeutic, procedure. In the foreseeable future, 
with increased utilization and acceptance of CT, perhaps 
fewer patients need undergo general anesthesia and 
surgical removal of asymptomatic thoracic lipomas. 
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Fig. 1. —A, Posteroanterior chest radiograph demonstrating extrapleural mass projecting into left hemithorax. B, Anteroposterior chest tomogram 
showing sharply circumscribed lesion with relative central radiolucency. C, Sunine CT scan (window level 378) showing extrapleural mass projecting 
into left hemithorax. D, Magnified supine CT scan (window level 088) demonstrating intrathoracic (It) and extrathoracic (Et) tumor of fat density joined 
transintercostally by fatty tissue isthmus (l) correlated with pathologic specimen (E). 
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Pleural Aspergillosis 


HUBERT C. MEREDITH,' BRAD M. COGAN,’ AND BRYCE McLAULIN2 


Pleural aspergillosis is an uncommon disease; only 25 
cases have been reported in the literature [1]. Two 
additional patients are described. The disease compli- 
cated a preexisting chronic empyema in one, and in the 
other the pleural cavity was seeded by rupture of an 
aspergilloma cavity at the time of pneumonectomy. 


Case Reports 
Case 1 


A 56-year-old black male with a 10 year history of left pulmo- 
nary atelectasis and pneumothorax was thought to have had a 
chronic bronchopleural fistula. He had been asymptomatic until 
1 year ago when he was hospitalized for a persistent productive 
cough and fever. A left pyopneumothorax was found which 
showed gram-positive cocci but no acid-fast bacilli. The em- 
pyema was drained, and following a course of antibiotics his 
symptoms subsided and the chest tube was removed (fig. 1A). 

He remained well until 1 week prior to this admission when 
he developed a productive cough, thick yellow sputum, mild 
dyspnea, night sweats, myalgias, arthralgias, and a malodorous 
breath. The admission film is shown in figure 1B. Thoracentesis 
revealed a profusion of Aspergillus fumigatus together with 
Serratia marscescens. Pleural biopsy showed evidence of or- 
ganizing suppurative serositis consistent with empyema, but 
no evidence of invasion by aspergillosis. No acid-fast bacilli 
were found, and blood cultures were negative. Following chest 
drainage and treatment with antibiotics, including amphotericin 
B, the pleural infection improved; he underwent a two-stage 
thoracoplasty, left pneumonectomy, and decortication. The 
excised ribs showed no evidence of osteomyelitis. The left lung 
showed fibrosis and organizing pneumonia, while the pleura 
showed granulation tissue but no evidence of fungus. 


Case 2 


A 72-year-old white male underwent a left pneumonectomy 
for aspergilloma of the left lung apex, bronchiectasis, and 
organizing pneumonia with abscess. The postoperative course 
was complicated by episodes of respiratory failure, cardiac 
arrhythmias, and multiple episodes of aspiration of gastric 
content, finally controlled by a feeding jejunostomy. Pneumonia 
and episodes of sepsis were treated. Repeated pleural aspira- 
tion and chest films showed evidence of increasing involvement 
of the residual left pleural cavity by Aspergillus fumigatus (fig. 
2A). Because of the patient's condition, the extensive chemo- 
therapy required for obliteration of this organism was not 
undertaken. His deteriorating course was complicated by renal 
failure, cirrhosis, and coronary artery disease. He died 3 months 
after the surgical procedure. 

At autopsy the left pleural cavity was covered by a blanket of 
fuzzy green fungus which rested on a layer of necrotic debris 
overlying a markedly fibrotic pleura. Sections of the pleural 
cavity demonstrated massive growth of hyphae characteristic 
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of aspergillus, showing superficial invasion into the necrotic 
portion of the underlying dense fibrous pleura (fig. 2B). No 
invasion into blood vessels or lymph vessels was found. At the 
site of the drainage tube, the tenth rib and costal cartilage were 
invaded by the organism. The patient died of respiratory insuf- 
ficiency secondary to marked chronic inflammation of the 
remaining right lung plus foci of acute pneumonia and pulmo- 
nary hemorrhage. 


Discussion 


Pleural thickening has been described as an early 
manifestation of pulmonary aspergillosis [2], but pleural 
aspergillosis is not characteristically associated with 
pulmonary aspergillosis in either its allergic, broncho- 
pneumonic, or intracavitary forms [1]. It has also not 
been described in the opportunistic setting. In a series 
of 98 such patients mainly with lymphoreticular or hem- 
atopoietic malignancies, the pleura was not involved, 
although the lungs were involved in over 9096 and in 
many the disease was invasive and widespread [3]. 

Pleural aspergillosis is known to cause significant 
clinical manifestations in some patients [1, 4, 5]. In 
other patients, the organism has been isolated from the 
pleural cavity together with other organisms such as 
Staphylococcus aureus, Klebsiella, and Pseudomonas 
aeruginosa. In some of these patients its presence may 
have been an incidental finding. In two patients it has 
been associated with active tuberculous empyema [6]. 

Among the described cases of pleural aspergillosis 
[1], etiologic factors include: preexisting pulmonary tu- 
berculosis, 87%; bronchopleural fistula, 74%; pleural 
intubation or drainage, 56%; and lung resection, 17%. 
In most patients multiple antibiotic therapy was admin- 
istered. The disease occurred most commonly in patients 
with an established empyema and a bronchopleural or 
pleurocutaneous fistula [6]. The presence of a necrotic 
exudate and an aerobic environment provide conditions 
in which the organism may thrive. In one patient, the 
pleura was seeded by rupture of an aspergilloma cavity 
during lung resection [1]. This patient also developed 
osteomyelitis by direct spread of the infection from the 
pleura. Our two patients, however, demonstrate that the 
intact pleura may have a capacity to limit the infection. 

The diagnosis of pleural aspergillosis is established 
by demonstration of the organism in pleural discharge 
or by pleural biopsy. Antibodies may also be demon- 
strated by serological tests. Characteristic radiographic 
appearances have not been described. Aspergillomas 
within empyema cavities have been described in only 
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Fig. 1.—Case 1. A, Frontal chest film showing chronic left pneumothorax with partial atelectasis of left lung and pleural thickening. B, Admission 
film 12 months later showing thickened pleura with shaggy inner margin. Note fluid level in left chest and increased atelectasis of left lung 
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Fig. 2.— Case 2. A, Frontal chest film after pneumonectomy showing considerable thickening of left pleura with shaggy inner margin. B, Magnified 
section through pleura showing superficial nature of aspergillosis infection without deeper invasion of the thickened pleura. Gomori preparation for 
fungi, Grocott modification, x 200. 


two patients [6]. Our two patients showed a similar In treating the disease [1], nystatin and amphotericin 
radiologic appearance, with marked pleural thickening B have been used both parenterally and by intrapleural 
bordered by a shaggy inner margin. However, pleural infusion, but treatment over several months is often 


thickening has not been a feature in all reported cases. required to sterilize the pleura. An experimental oral 


166 CASE REPORTS 


preparation (BAY b 5097) has been reported effective 
and nontoxic [7]. Surgical removal of aspergillosis-in- 
fected pleura and adjacent pulmonary disease provided 
an effective cure in 10 patients [1]. 
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Combined Esophageal and Duodenal Atresia without Tracheoesophageal Fistula: 
Characteristic Radiographic Changes 


JAMES E. CROWE! AND THOMAS E. SUMNER' 


The combination of esophageal and duodenal atresia is 
well known, though rare. Most newborns with this com- 
bination of gastrointestinal anomalies also have a tra- 
cheoesophageal fistula. We describe an infant with both 
esophageal and duodenal atresia in the absence of a 
tracheoesophageal fistula. The radiographic findings are 
very unusual and are probably pathognomonic. 


Case Report 


A newborn female was the product of a pregnancy character- 
ized by polyhydramnios and premature labor. This was the 





second pregnancy for the 20-year-old Caucasian mother; the 
previous one terminated spontaneously at 1 month. The infant 
was born at another hospital; birth weight was 1,650 g and 
Apgar score was 2. Immediately after delivery, respirations 
were labored and the infant was cyanotic. Her appearance 
improved slightly following oral and nasal suctioning with a 
bulb syringe and administration of nasal oxygen. 

On arrival at North Carolina Baptist Hospital at 4 hr of age, 
physical examination showed a severely depressed cyanotic 
infant with abdominal distension. Respirations were shallow, 
although the rate was normal. The ears were low set and the 
tragus and antitragus were fused on each side. A fluid wave 


Fig. 1.—Frontal (A) and lateral (B) radiographs of chest and abdomen showing absence of intestinal gas. (Small amount of gas in rectum on lateral 
view was present only after introduction of rectal tube.) Note large posterior mediastinal mass on left and 13 pairs of ribs. In B, tip of nasogastric tube 
is located at site of esophageal atresia. Note minor anomalies of lower lumbar spine and sacrum. 
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Fig. 2.—Film 5 min after administration of intravenous contrast mate- 
rial showing rim of contrast enhancement corresponding to gastric wall 
(arrows). 


was elicited on abdominal examination. Attempts to pass a 
nasogastric tube into the stomach were unsuccessful, raising 
the question of esophageal atresia. 

Radiographs of the chest and abdomen showed 13 pairs of 
ribs, with the first pair hypoplastic. There was no gas within the 
intestinal tract, a finding very suggestive of esophageal atresia 
without a tracheoesophageal fistula. The abdomen was dis- 
tended, and there was a large posterior mediastinal mass in the 
left side of the thorax (fig. 1). 

Because of her critical condition, it was decided that if the 
abdominal distension were due to ascites, paracentesis would 
be performed in an attempt to relieve the respiratory distress. 
For that reason, excretory urography was performed at 5 hr of 
age. The urinary tract appeared normal, but during the whole- 
body opacification phase, a rim, or crescent-shaped shadow, 
which had the general contour of the stomach became apparent 
(fig. 2). The rim of contrast enhancement probably extended 
around the posterior mediastinal mass, but this was equivocal. 

It was felt that the abdominal mass might be responsible for 
the respiratory distress on the basis of limitation of diaphrag- 
matic excursion. At emergency laparotomy the stomach, small 


intestine, and colon were encased in a sheet of fibrous tissue. 
The stomach was distended by about 100 ml of a clear, color- 
less, slightly mucoid fluid. Pulmonary ventilation was facilitated 
by decompression of the stomach. It was then discovered that 
the stomach ended blindly at the pylorus and the duodenal 
bulb and second portion of the duodenum were atretic down to 
the level of the ampulla of Vater. No other atretic segments of 
intestine were found. A gastrostomy and gastroduodenostomy 
were performed. 

The postoperative course was characterized by sepsis and 
disseminated intravascular coagulation. The infant expired on 
the third day. Autopsy findings confirmed the clinical and 
radiographic impression of esophageal atresia and showed that 
the posterior mediastinal "mass" was a 4 x 5 cm dilated, lower 
esophageal segment. An atrioventricular communis cardiac 
anomaly was also present. Postmortem blood and lung cultures 
were positive for E. coli. Chromosomal analysis revealed 46, 
XX karyotype. 


Discussion 


To our knowledge, the combination of duodenal and 
esophageal atresia without a tracheoesophageal fistula 
has not previously been reported. This combination of 
anomalies resulted in the accumulation of gastric secre- 
tions in the stomach which was markedly distended at 
birth. Reflux of the secretions into the lower segment of 
the esophagus (which ended blindly) resulted in its 
distension and the radiographic appearance of a poste- 
rior mediastinal mass. During excretory urography, the 
wall of the stomach was clearly visible due to contrast 
enhancement. This is an expected finding for a fluid- 
filled cyst or hollow viscus that has a vascularized wall. 

In contrast to our case, Shackelford et al. [1] reported 
an infant with esophageal and duodenal atresia in whom 
a tracheoesophageal fistula was present. In their infant 
the stomach was very small (microgastria). An additional 
finding was imperforate anus. Although we suspect that 
the microgastria described by Shackelford et al. [1] 
occurs regularly in infants with that combination of 
upper intestinal anomalies, additional cases are required 
for confirmation. 
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Plasma Cell Giant Lymph Node Hyperplasia Responding to Radiation Therapy 


DONALD G. NORDSTROM,' HAMED H. TEWFIK, AND HOWARD B. LATOURETTE 


Introduction 

Giant lymph node hyperplasia was first described by 
Castleman et al. [1] in 1956. Since then this lesion has 
been reported under various synonyms, including lymph 
nodal hamartoma, follicular lymphoreticuloma, angiofol- 
licular mediastinal lymph node hyperplasia, and angi- 
omatous lymphoid hamartoma [2]. Giant lymph node 
hyperplasia has been described as a benign lesion, most 
common in the mediastinum. About 7196 of lesions are 
within the chest [3], but they are also found in extratho- 
racic sites, usually where lymph nodes are found. How- 
ever, six were found in muscle [2]. Giant lymph node 
hyperplasia may present as an asymptomatic mass on a 
chest film or as a palpable mass. 

Two patterns have been described after histopatho- 
logic study. The hyaline vascular type is the most fre- 
quent, occurring in 8096-9196 of the cases [2, 3]. The 
other pattern is the plasma cell type which occurred in 
995-2096 of the reported cases [2, 3]. Whereas only 3% of 
patients with the hyaline vascular type were symptomatic 
[3], 5096 of the patients with plasma cell variant had one 
or more symptoms, including anemia — either mild with 
normochromic normocytic cells, or severe with hypo- 
chromic microcytic red cells [3-5]. One possible mecha- 
nism for the anemia is an antierythropoietic factor 
produced by the lesion [6]. Other possible symptoms in- 
clude fever, fatigue, sweating, hypergammaglobu- 
linemia, elevated a, globulin, leukocytosis, thrombocyto- 
sis, splenomegaly, peripheral lymphadenopathy, ele- 
vated alkaline phosphatase, growth failure, and ne- 
phrotic syndrome [3, 5, 7]. 

While the etiology of the lymph node hyperplasia is 
unknown, the clinical and histologic features are similar 
to those seen in inflammation [3]. If an infectious agent is 
responsible, a respiratory route could possibly account 
for the high percentage of the lesions (7196) appearing in 
the tracheobronchial tree [3]. It has been postulated that 
the plasma cell type is the earlier active stage of the dis- 
ease and the hyaline vascular type, the end stage [3, 8]. 
This would support the theory of an infectious etiology 
and could explain why symptoms are most often associ- 
ated with the plasma cell variant. 

The lesions have been described as radioresistant [3]. 
Treatment of choice has been surgical resection with 
resolution of symptoms. We report a patient in whom 
radiation therapy produced prompt palliation of unresec- 
table giant lymph node hyperplasia. 


Case Report 
A 50-year-old female had a 14 month history of postprandial 
nausea and anemia documented 4 months earlier. On admis- 
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sion, the patient described a 2 month history of night sweats, 
chills, fever of 38.9°C, fatigue, and a 22.7 kg weight loss. Upper 
gastrointestinal series, barium enema examination, and intra- 
venous pyelography were normal. The spleen was 1.5 times 
normal size on scan. Ultrasound revealed a 7 cm mass in the 
midabdomen. 

At laparotomy, an unresectable 7 x 7 cm mass was found 
surrounding the superior mesenteric artery and vein. Biopsy of 
the mass revealed lymphoid tissue with large hyperplastic folli- 
cules with cellular germinal centers. Mature plasma cells were 
present in interfollicular areas, consistent with the diagnosis of 
giant lymph node hyperplasia (fig. 1). 

The patient was readmitted 7 months later with spiking 
temperature, chills, further weight loss (9 kg), and leg edema. 
Hematocrit was 19.5; albumin 1.5 g/100 ml (range, 3.5-5.5); 
and a, globulin, 1.0 g/100 ml (range, 0.51-0.93). Physical 
examination showed that she was cachectic with a periumbilical 
fullness. Gallium scan showed increased activity in the mass. 

The patient was referred to radiation therapy for palliative 
treatment. With a 4 MeV linear accelerator, she received 2,700 
rad in 15 fractions to parallel opposed 12 x 12 cm fields 
encompassing the mass. The fever disappeared on the seventh 
day of treatment. Albumin rose to 2.8 g/100 ml and hematocrit 
to 40.1. The patient's appetite improved and she gained weight. 
Three weeks later repeat ultrasound demonstrated that the mass 
had decreased to 2.5 x 3 cm; albumin was 3.3 and œ globulin 
was normal. 

On physical examination 8 months later, the previously de- 
scribed mass was not palpable. Repeat ultrasound failed to 
show a mass. Protein electrophoresis was normal, and hema- 
tocrit was 36. 


Discussion 

The treatment of choice for giant lymph node hyper- 
plasia has been surgical resection with resultant resolu- 
tion of symptoms [3]. Keller et al. [3] reported that three 
of four patients with hyaline vascular type treated with 
radiation therapy to doses of 1,800-4,300 rad had little or 
no shrinkage; the fourth was lost to follow-up. 

Our patient is now asymptomatic after receiving the 
palliative radiation therapy. One possible explanation 
for our success is that our patient had a plasma cell 
type, while those previously reported as not responding 
were hyaline vascular type. Even though our experience 
is limited, we feel that radiation therapy may be benefi- 
cial to patients with unresectable giant lymph node 
hyperplasia of the plasma cell type. 
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Fig. 1. —A and B, Low power fields (x80 and x200) showing lymphoid tissue consisting of large hyperplastic follicles with large cellular germinal cen- 
ter. C and D, High power fields (x320 and x800) showing sheets of mature plasma and occasional immunoblasts in interfollicular areas. 
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Angiographic Demonstration of a Vasoactive Intestinal Polypeptide-secreting 
Pheochromocytoma in a Patient with WDHA Syndrome 


S. OSHER PAIS' 


Several reports have described the association of the 
syndrome of watery diarrhea, hypokalemia, and achlor- 
hydria (WDHA) due to vasoactive intestinal polypeptide 
(VIP)-secreting tumors of the pancreas [1-4]. One recent 
report [5] describes a VIP-secreting pheochromocytoma 
in which the presumptive preoperative diagnosis was a 
pancreatic islet cell tumor; the correct diagnosis was 
made at surgery. No angiogram was performed. In the 
only large series of patients with VIP-secreting tumors 
(28 cases) [6], the majority occurred in the pancreas, 
but there was one pheochromocytoma and one gangli- 
oneuroblastoma of the adrenal [6]. No clinical details 
were given regarding these two patients, and presumably 
no angiograms were obtained. Two cases of large VIP- 
secreting tumors in the pancreas have been demon- 
strated angiographically [7, 8]. No other report describes 
angiographic findings in a patient with a VIP-secreting 
tumor. This paper describes a VIP-secreting pheochro- 
mocytoma demonstrated angiographically. 


Case Report 


A 44-year-old white female was admitted because of a 1 '/2 
year history of chronic watery diarrhea. It had become more 
severe 2 months before admission, with bowel movements 
occurring 15-20 times a day and a weight loss of 11.3 kg. 
Stools were watery with no blood or mucus. Only in retrospect 
was a further history elicited: 10-12 years of “pressure” in the 
head, weakness, and sweating when leaning forward or lying 
on the left side. On physical examination blood pressure was 
118/70, and pulse was 106 and regular. The patient appeared 
chronically ill. No other abnormal physical findings were pres- 
ent. 

Serum electrolytes were as follows (meq/liter): sodium, 138; 
chloride, 101; potassium, 2.6; bicarbonate, 17. All other routine 
laboratory studies were normal. The colonoscopy was normal. 
A barium enema study showed evidence of an extrinsic mass 
displacing the hepatic flexure caudad, but was otherwise unre- 
markable. A liver scan was read as showing a large mass in the 
posterior portion of the right lobe of the liver. B-mode ultra- 
sound (fig. 1) showed a mass with a complex pattern in the 
same area, thought most likely to represent a hepatic tumor. 

An aortogram and selective celiac and right renal arterio- 
grams showed the presence of a large right adrenal tumor. The 
celiac arteriogram (fig. 2A) showed only stretching of the he- 
patic arteries, compatible with an avascular intrahepatic mass, 
as had been suggested by liver scan and ultrasound examina- 
tions. However, the aortogram (fig. 2B) revealed a large, richly 
vascularized tumor mass about 12 cm in diameter causing de- 
pression of the superior pole of the right kidney. The fact that 
the tumor was supplied from the aorta and not from the celiac 
axis, and that it caused a marked impression on the kidney, indi- 
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cated that it was extrahepatic and probably adrenal in origin. It 
was presumably being fed by adrenal arteries originating from 
the aorta, though these were not definitely identified. Except for 
the unusually large size, there was nothing angiographically to 
distinguish this tumor from a non-VIP-secreting pheochromo- 
cytoma. The vasculature within the tumor was moderately 
distorted. A feeding artery followed the periphery of the tumor 
in its lower half. A truncated appearance of the right kidney 
was well demonstrated by the right renal arteriogram (fig. 2C). 
These findings have been described as characteristic of pheo- 
chromocytomas [9, 10], though it would probably be more 
accurate to say that they characterize an adrenal tumor, not 
necessarily a pheochromocytoma. The ultrasound examination 
(fig. 1) showed a mass with a complex pattern with two areas of 
relative lucency, corresponding to areas of necrosis in the 
tumor (fig. 3). 

Surgery was performed through a right thoracoabdominal 
incision, and a 12 cm diameter tumor in the right adrenal gland 
was removed. The gross and microscopic appearance was 
typical of pheochromocytoma. Postoperatively, there was com- 
plete remission of the patient's symptoms. A VIP determination 
on a preoperative serum specimen done at another laboratory 
[6] showed a level of 94 pg/ml (normal 20-64). This was 
interpreted as representing a significant elevation. A postoper- 
ative serum specimen showed a level of 54 pg/ml. The differ- 
ence between the pre- and postoeprative levels was interpreted 
as compatible with the removal of a VIP-secreting tumor. 





Fig. 1.—Ultrasound examination showing complex pattern, indicating 
solid mass, with two relatively lucent areas (asterisks) corresponding to 
areas of necrosis in tumor. 
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Discussion 


The tumor described above may be considered an 
APUD cell tumor [11]. These are cells which have in 





Fig. 2. —A, Celiac arteriogram showing stretching of hepatic artery 
branches. B, Aortogram showing large, richly vascularized, well demar- 
cated tumor mass containing moderately bizarre, distorted vasculature. 
C, Renal arteriogram showing truncated appearance due to pressure 
from large suprarenal mass. 


common a number of histochemical and ultrastructural 
characteristics. The first three, which concern the amine- 
handling properties, are the most constant and provide 
the name APUD from their initial letters: amine precurser 
uptake and decarboxylation. At least 24 APUD cells have 
now been identified, including adrenal medullary, chro- 
maffin, and pancreatic islet B cells. Each of these cells 
has been identified with the secretion of a specific 
peptide. 

A tumor arising from APUD cells has been termed an 
apudoma. Many apudomas secrete in excessive quan- 
tity the normal products of their cells of origin, giving 
rise to syndromes of hormonal excess (e.g., gastrin or 
insulin-secreting pancreatic islet cell tumor). An apu- 
doma may also secrete one or more polypeptides foreign 
to the cells of the organs in which they arise, but which 
are characteristic of other APUD cells; thus a pheochro- 
mocytoma or pancreatic islet cell tumor may secrete 
VIP, which is normally secreted by the APUD cells of the 
gut. Apudomas may be named after their endocrine 
products. The term insulinoma is in common use. The 
present tumor can thus be characterized as a vipoma. 

The tumor described here did not differ in angio- 
graphic appearance from an ordinary pheochromocy- 
toma, except that it was much larger than most pheo- 
chromocytomas. The pancreatic tumors which were vis- 
ualized angiographically were also quite large [7, 8]. 
However, there has been at least one case (M. Glickman, 
personal communciation) in which a pancreatic VIP- 
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Fig. 3. —Cut section of 12 cm diameter tumor showing two areas of 
necrosis (arrows) corresponding to relatively sonolucent areas on ultra- 
sound examination. 


secreting tumor was quite small and was not visualized 
on angiography, suggesting that large size is not a 
necessary condition for these tumors to cause symp- 
toms. It remains to be seen whether certain angiographic 
characteristics will emerge as peculiar to this type of 
tumor. It is also of interest that symptoms of excess 
catecholamine secretion were present in this patient, 
though not appreciated until a more thorough retrospec- 
tive history was obtained following surgery. This indi- 
cates that such tumors may secrete hormones of their 
cell of origin in addition to VIP. 

Thus far, VIP-secreting tumors have been described in 
largest number in the pancreas. Several have originated 





in the adrenal medulla and a few from bronchogenic 
tumors [5, 6]. However, it is likely that other sites of 
origin of VIP-secreting tumors will be discovered in time. 
Angiography would seem advisable as part of the evalu- 
ation of patients presenting with watery diarrhea syn- 
drome. From the limited experience to date, these tu- 
mors are often readily visualized angiographically. 
Though no information is as yet available on the percent- 
age of adrenal VIP-secreting tumors that metatasize, it 
is known that a significant percentage of pheochromo- 
cytomas do metastasize, and the presence of hepatic 
metastases may be detected by angiography. 
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Myxedema Pseudoobstruction 


NICHOLAS SALERNO! AND NEIL GREY? 


A form of chronic intestinal pseudoobstruction found in 
hypothyroidism has been described in the medical liter- 
ature [1-4] but has received only slight attention in 
radiologic publications. Although the radiographic find- 
ings are striking, the diagnosis may not be immediately 
apparent. If barium enema excludes mechanical obstruc- 
tion, the diagnosis of myxedema ileus should be consid- 
ered and surgical intervention should be withheld. 


Case Report 


A 78-year-old Caucasian male was admitted because of ab- 
dominal pain. Past history. was significant in that he had a 
laryngectomy and radical neck dissection 4 years earlier for 
carcinoma of the larynx; a tracheostomy had been present 
since that time. He had been in his usual state of health until a 
few days prior to admission when he experienced diffuse 
crampy abdominal pain. There was no history of nausea or 
vomiting. On the day before admission he noted several loose 
stools. He specifically denied prior history of gastrointestinal 
symptoms, significant weight gain, or cold intolerance. 

Physical examination showed a cool, pale male with a blood 
pressure of 140/70; pulse, 78; respiration, 28; and oral temper- 
ature, 36.1°C. His skin was dry. The head, ears, eyes, nose, and 
throat were normal. A functioning tracheostomy was in place. 
Breath sounds were generally diminished, and scattered rhon- 
chi were present. The abdomen was markedly distended, and 
bowel sounds were absent. Rectal examination was normal, 
and stool was negative for occult blood. Neurologic examina- 
tion was unremarkable except for increase in the relaxation 
phase of the deep tendon reflexes. 

Laboratory data included: hematocrit, 20; hemoglobin, 8.8 
g/100 ml, and white blood cell count, 4,900 with a normal 
differential count. Random blood sugar was 118 mg/100 ml; 
sodium, 139; potassium, 3.3; chloride, 89; CO,, 23; blood urea 
nitrogen, 60; SGPT, 26; SGOT, 52; and lactic dehydrogenase, 
366. Electrocardiogram showed a rate of 100, left anterior 
hemiblock, and generalized low voltage. 

Chest x-ray showed nonspecific hypoventilatory changes at 
both bases. Abdominal radiographs showed marked colonic 
distention. A barium enema showed a slightly redundant colon 
but no mechanical obstruction or other colonic abnormality 
(fig. 1). 

Because of unexplained persistent abdominal distention, 
surgical consultation was obtained, and the patient subse- 
quently underwent exploratory laparotomy. At surgery there 
was generalized ileus, and the diameter of the cecum was 
noted to be 18 cm. No adhesions or other extracolonic abnor- 
malities were found. 

Postoperatively the patient became comatose. At that time 
he had respiratory insufficiency characterized by severe hypox- 
emia (pO,, 50 mm Hg). Pertinent laboratory data at that time 
included T,, 0.4 ug/dl (normal, 5.4-13); and T;, 21% (normal, 
25-35). The patient was treated for myxedema coma with 
intravenous L-thyroxine, 500 wg in divided doses the first day 
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and subsequently 200 4g per day for the next several days. 
Management of myxedema coma in this patient also included 
glucocorticoid therapy, mechanical ventilatory assistance, and 
careful attention to fluid and electrolyte balance. Over the next 
several days he became more alert and was weaned off the 
respirator. The remainder of his convalescence was uneventful, 
and he was discharged on 0.1 mg L-thyroxine daily. 

A year later the patient was readmitted because of chest 
pain. He denied gastrointestinal symptoms at that time although 
he was again severely hypothyroid, having apparently discontin- 
ued his replacement medication. His T, was 2.1 «g/d! (normal, 
5.4-13) and his thyroid-stimulating hormone level was 151 &4U/ 
ml, nearly ten times normal. 


Discussion 


Marked colonic distention with significant air-fluid 
levels is occasionally seen in patients who subsequently 
have normal barium enemas. Transient cases of this 
nature are often related to a redundant colon, so that 
portions of the bowel are folded over without an actual 
volvulus [5]. These present no problem once the initial 
episode is resolved. 

Chronic bowel distention presenting as intestinal 
pseudoobstruction has been described in a variety of 
conditions including amyloidosis, scleroderma, conges- 
tive heart failure, Chagas's disease, aganglionosis, and 
variable functional failures of the myenteric plexus [1. 
6]. Hypomotility and atony of the gastrointestinal tract 
with distention and constipation have long been recog- 
nized in myxedematous patients. Although any portion 
of intestinal tract may be affected, the most striking 
derangement in motility often occurs in the colon. 

Hypothyroid patients frequently have nonspecific 
symptoms of bloating, flatulence, and constipation. As 
the hypothyroid state becomes more severe, intestinal 
hypomotility characteristic of the hypothyroid state may 
progress to atony, paralytic ileus, and intestinal pseu- 
doobstruction. If laparotomy is performed on the patient 
with myxedema ileus, the complications of myxedema 
coma or death may follow. Thus it is important to 
consider the possibility of myxedema ileus in cases of 
marked colonic distention, particularly when chronic. 

When Ceelen (cited in [3]) recorded marked dilatation 
of the colon in hypothyroidism in 1921, chronic inflam- 
matory infiltration of the submucosa was noted. Bastenie 
[2] described mucosal atrophy and submucosal infiltra- 
tion with lymphocytes and plasma cells, as well as 
deposition of 'myxedematous' material separating mus- 
cle fibers from the ganglia of Auerbach's plexus. The 
material in the wall is a mucinous substance consisting 
of protein complexes with mucopolysaccharide, hyalu- 
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Fig. 1.—A, Abdominal radiograph demonstrating marked distention of large and small bowel. B, Barium enema. No obstructing lesion is identified. 


ronic acid, and chondroitin sulfuric acid [4]. The smooth 
muscle of the colon is initially intact and can respond to 
pharmacologic stimulation [3]. Abnormal motility can be 
corrected with small doses of thyroid hormone in a few 
days, a period of time too short to reverse the histologic 
changes. There must then be a disorganization of the 
normal control mechanisms on either a neurogenic or 
humoral basis. Ultimately, progressive smooth muscle 
atrophy occurs so that the process becomes irreversible 
even with stimulation [3]. Thus the clinical manifesta- 
tions of myxedema occurring over many years are often 
not perceived by the patient nor recognized by the 
physician until overt findings, such as apparent obstruc- 
tion, are encountered. 

Our patient is representative of those with myxedema 
ileus who undergo surgery, for in this group of patients 
the correct diagnosis is not established until the postop- 
erative period. Reasons for overlooking the correct di- 
agnosis include the insidious onset and progression of 
the hypothyroid state, as well as the striking physical 
findings on examination of the abdomen that may divert 
the clinician's attention from other findings. A valuable 
clue, overlooked in this patient, was the history of neck 
surgery and subsequent tracheostomy. The increasing 


use of radioactive iodine (and subsequent hypothyroid- 
ism) for the treatment of hyperthyroidism may make the 
telltale scar on the neck less useful as a diagnostic aid, 
but the astute clinician should seek a history of thyroid 
disease in any patient presenting with abdominal disten- 
tion and radiologic findings of colonic dilatation without 
evidence of obstruction on barium enema. 
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Myotonic Megacolon in Myotonic Dystrophy 


MICHAEL J. WEINER' 


Myotonic dystrophy has been incriminated as a cause 
for dilatation of the colon. This occurrence has occa- 
sionally been mistaken for bowel obstruction, and sur- 
gery has been unnecessarily performed [1, 2]. Since a 
spectrum of signs and symptoms may be present in 
myotonic dystrophy, it is important to keep this possibil- 
ity in mind in cases of bowel dilatation of obscure 
etiology. Recently we encountered a case which was 
perplexing until thorough clinical data were available. 
This case may provide more insight into the manner in 
which myotonic dystrophy affects smooth muscle. 


Case Report 


J. S., a 33-year-old white male, was seen in the emergency 
room with a chief complaint of 8 hr of lower abdominal pain. 
Review of systems revealed no chronic complaints. Medical 
history included a cholecystectomy 3 years earlier, no chronic 
illnesses, and no allergies. The patient was not on medication. 
Physical examination showed mild pharyngitis and abdominal 
tenderness in the left lower quadrant. Neurologic examination 
was recorded as grossly negative. Chest radiography and blood 
studies were normal. Stool was negative for occult blood. 

Radiographs of the abdomen showed an air-filled, markedly 
distended transverse colon and splenic flexure (fig. 1). Barium 
enema examination showed a narrowed segment of descending 
colon at the sigmoid junction (fig. 2). The narrowed segment 
had scalloped edges and was distensible to a moderate degree. 
The dilated transverse and proximal descending colon had 
smooth walls and appeared devoid of haustral markings. After 
the barium study the pain remitted significantly. The narrowed 
segment of colon was felt to represent muscular spasm. Protos- 
copy to 20 cm was normal. 

Left lower quadrant abdominal pain recurred 2 days later. 
Physical examination was remarkable for myotonia of grip. At 
this time medical history revealed that some kind of muscular 
disease had been diagnosed elsewhere 3 years earlier during 
the admission for cholecystectomy. Old records showed that a 
thorough neurologic workup had been performed, including 
electromyography, and that a diagnosis of myotonic dystrophy 
had been made. 

Radiography again showed colonic dilatation, but less than 
on the previous admission. Barium enema examination showed 
that the previously noted area of narrowing and apparent spasm 
in the descending colon had resolved (fig. 2C). At colonoscopy 
the next day, a relatively narrowed segment of colon was noted 
at about 50 cm. Mucosa in this area was normal and the 
narrowed area distended easily, which probably accounted for 
the almost normal caliber at barium study. Proximally there 
was a dilated atonic splenic flexure that contained a few small 
shallow mucosal erosions. Biopsy from the erosions and rectum 
showed mild chronic inflammatory changes. The erosions were 
attributed to stasis. It was concluded that the colon abnormali- 
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ties were related to the underlying disease of myotonic dys- 
trophy. 


Discussion 


Myotonic dystrophy (myotonia dystrophica, myotonia 
atrophica, Steinert's disease) is a disease of unknown 
etiology with a spectrum of signs and symptoms well 
known to clinicians [3, 4]. Characteristic features include 
myotonia of skeletal muscles, frontal baldness, cata- 
racts, testicular atrophy, and a characteristic facial ex- 
pression. Characteristic skeletal abnormalities, includ- 
ing hyperostosis cranii, paranasal sinus enlargement, 
small sella, and prognathism, have been described [5, 6]. 

The disease may also affect involuntary muscles, re- 
sulting in cardiac, pulmonary, and gastrointestinal man- 
ifestations which can dominate the clinical situation. 
Cardiac abnormalities involve myocardial muscle, lead- 
ing to conduction abnormalities and arrhythmias. Left 
ventricular failure and sudden death have been de- 
scribed as uncommon sequelae. Pulmonary complica- 
tions result from involvement of the diaphragm, leading 
to hypoventilation and carbon dioxide retention. Smooth 
muscle atrophy in the gastrointestinal tract causing dila- 
tation and decreased peristalisis has been observed. 





Fig. 1.—Upright abdominal film showing air-filled markedly distended 
transverse colon and splenic flexure. 
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The esophagus seems to be the most frequently affected 
segment of the alimentary tract. Segmental hypertonicity 
involving the gastrointestinal tract has occasionally been 
observed. 

Specific references to colonic abnormalities in my- 
otonia dystrophica are scanty in the medical literature. 
Bertrand [2] described five cases of megacolon occur- 
ring in patients with myotonic dystrophy: three of these 
cases had generalized megacolon, one had dilatation 
confined to the right colon, and one had sigmoid dilata- 
tion associated with sigmoid volvulus. In one case, 
laparotomy was performed for frequent recurrent epi- 
sodes of abdominal pain. Bertrand speculated on 


Fig. 2.—Barium enema examination showing narrowed 
segment of descending colon at sigmoid junction. B, Close- 
up of short narrowed segment. C, Barium study 2 days later 
showing resolution of narrowed segment in descending co- 
lon. 


whether bowel dilatation was caused by sympathetic 
nervous hyperactivity or parasympathetic hypoactivity. 
Welsh et al. [7] mentioned a common symptom of con- 
stipation occurring in a small series of patients with 
myotonic dystrophy. Kohn et al. [1] described a patient 
with myotonic dystrophy who had abdominal pain and 
colon distension; during surgery for bowel obstruction, 
no mechanical obstruction was found. Greenstein and 
Kark [8] described a case of sigmoid volvulus in myotonic 
dystrophy. Moss et al. [9] included myotonic dystrophy 
in a list of causes for idiopathic intestinal pseudoob- 
struction. Krain and Rabinowitz [10] described a case 
with left colon dilatation and a smooth elongated nar- 
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rowed segment of sigmoid without evidence of motility. 

The implication of most of the literature citing colonic 
smooth muscle involvement is that smooth muscle atro- 
phy occurs resulting in functional obstruction causing 
dilatation. Published radiographs show diffuse or whole 
segment colon dilatation, except in cases with sigmoid 
volvulus. 

The patient described here and one reported by Krain 
and Rabinowitz [10] show a circumscribed area of nar- 
rowed colon distal to the dilated portion. The present 
case had, in addition to narrowing, actual persistent 
spasm in the narrowed segment. On later studies, there 
was remission of spasm and decompression of the di- 
lated colon behind it. This occurrence suggests strongly 
that involvement of colonic smooth muscle in myotonic 
dystrophy may be manifested as persistent myotonic 
contraction. This is the typical manifestation of the 
disease in skeletal muscle and has been observed in a 
cricopharangeal muscle, the esophagogastric junctional 
muscle, and the anal sphincter [11]. It has not been 
demonstrated in the colon until now, either on mano- 
metric studies or by radiography. . 

When the clinical diagnosis of myotonic dystrophy 
became known in this case, it was easy to relate the 
radiographic findings to this disease. Without this infor- 
mation, however, especially considering the localized 
segment of scalloped narrowing, a differential diagnosis 
was difficult. The possibility of localized ischemic bowel 
disease was considered untenable in a young male 
without other contributing factors. Idiopathic intestinal 
pseudoobstruction [9] is supposed to occur typically in 





young female patients and most often is associated with 
a chronic history of bowel complaints. In cases of meg- 
acolon in young patients without evidence of obstruc- 
tion, myotonic dystrophy should be considered. 
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Multiple Intracranial Aneurysms 


DAVID J. ZACKS' 


About 20% of intracranial aneurysms are multiple [1-3]. 
This paper describes a unique case with 13 intracranial 
aneurysms. The literature is reviewed and management 
discussed. 


Case Report 


M. L., a 49-year-old right-handed woman, had been well until 
she suddenly experienced pain on the left side of her face, 
became confused, and vomited. The following day she was 
taken to a district hospital where she was found to have no 
localizing signs, but lumbar puncture revealed uniformly blood- 
stained cerebrospinal fluid. She was transferred to Atkinson 
Morley's Hospital 5 days later; she was fully conscious and 
exhibited no neurological deficit. She did have some neck 
discomfort on flexion. 

Bilateral carotid and subclavian angiograms demonstrated 
left and right carotid, left vertebral, and basilar circulations. 
The right vertebral artery was not visualized, presumably be- 
cause it arose from the aorta (6% of cases [4]) or was absent. 

Thirteen aneurysms were demonstrated: four in the left ca- 
rotid circulation, three in the right carotid circulation, and six 
in the posterior circulation. Specifically, four aneurysms arose 
from the left middle cerebral artery (fig. 1A), two from the right 
middle cerebral artery (fig. 1B), one aneurysm from the right 
callosomarginal artery (fig. 1B), three from the left posterior 
cerebral artery, two from the right anterior inferior cerebellar 
artery, and one from the left posterior inferior cerebellar artery 
(figs. 1C and 1D). The largest aneurysm was one of the left 
middle cerebral lesions. It was associated with marked sur- 
rounding vascular narrowing (fig. 1A). 

A CT scan showed a small localized hematoma in the anterior 
portion of the left sylvian fissure, consistent with hemorrhage 
from a left middle cerebral artery aneurysm. 

The patient was treated with an antispasmodic agent on a 
trial program and bed rest for 10 days. She remained fairly 
well, developing no focal neurologic signs. On the tenth day, 
left common carotid artery ligation was performed under local 
anesthesia. Following ligation, she was gradually mobilized for 
a 1 week period with no ill effects. The patient was discharged 
and has remained well for a follow-up period of 18 months. 


Discussion 


Multiple aneurysms comprise approximately 2096 of 
intracranial aneurysms [1-3]. In the cooperative study of 
1958-1965 [2], 95% of cases with multiple intracranial 
aneurysms showed two lesions and 5% had three or 
more (3.5% had three aneurysms and only 1.4% had 
four or more). It is clear that the present case is indeed 
uncommon; a thorough search of the literature has 
revealed only a few others, including Eppinger's report 
[5] of a patient with nine aneurysms and Stebben's 
account [6] of a case of seven aneurysms. 
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If the general incidence of aneurysms in the popula- 
tion at large is of the order of 196-296 [7, 8], it is possible 
that fewer aneurysms actually rupture than commonly 
believed, since the percentage of subarachnoid hemor- 
rhage in the general population is not of this magnitude 
[9]. 

The cooperative study [2] estimated that approximately 
1996 of aneurysms were multiple, compared to 2296 
found at autopsy. The difference is probably related to 
the quantity and quality of angiography, timing of the 
investigation, and the relative number of angiographic 
and postmortem examinations. There were approxi- 
mately twice as many female as male patients with 
multiple aneurysms, which agrees with the studies of 
Paterson and Bond [10] and McKissock et al. [11]. The 
most common age range was 40-49 years [10, 12]. 

The patient reported here bled from the largest left 
middle cerebral artery aneurysm, which was the largest 
of all her aneurysms. Although it is sometimes difficult 
to determine which aneurysm has bled, valid angio- 
graphic indices of the actual bleeding focus include: 
largest aneurysm, displacement of vessels indicating a 
hematoma, presence of adjacent vasospasm, and, rarely, 
the actual display of extravasated contrast during active 
bleeding [13, 14]. 

In cases of subaracnnoid hemorrhage, it may be 
difficult to plan the angiographic sequence and to deter- 
mine the extent of the study in view of patient age and 
clinical status. The advent of CT has eased this problem 
so that the extent and site of hematomas, whether 
intracerebral, intraventricular, or subarachnoid, may 
now be delineated. 

In the cooperative study [2], the chances of multiple 
aneurysms occurring on the same side were 21%, on 
opposite sides 4796, and other combinations 3296. The 
overall chance of aneurysms being situated on opposite 
sides was 2:1. Multiple aneurysms are often seen in a 
strikingly symmetrical bilateral location, the middle cer- 
ebral bifurcation and internal carotid arteries being the 
commonest sites [15]. 

Therefore, in a one vessel (carotid) angiogram, the 
diagnosis of multiple aneurysms is made in only 20%- 
30% of cases, while in adequate bilateral carotid angi- 
ography, the diagnosis of multiple aneurysms could be 
made in 9296 of cases. Theoretically, four-vessel angi- 
ography should show 100% of lesions. Statistically, the 
incidence of missed double aneurysms in adequate bi- 
lateral carotid studies is about 2% [2]. 

Several authors [12, 16-19] are strong advocates of a 
surgical approach and, if possible, a direct intracranial 
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Fig. 1.—A, Left carotid arteriogram demonstrating four aneurysms (arrowheads) arising from left middle cerebral artery. Largest aneurysm (/arge 
arrowhead) was lesion which ruptured. Note adjacent vasospasm. B, Right carotid arteriogram demonstrating two right middle cerebral artery 
aneurysms (arrowheads) and aneurysm of callosomarginal artery (arrow). Lesions were confirmed on additional projections. C, Left vertebral 
arteriogram demonstrating multiple aneurysms arising from left posterior cerebral artery (three arrows) and right anterior inferior cerebellar artery 
(two arrows). Oblique views confirmed lesions. D, Left vertebral arteriogram demonstrating multiple aneurysms of posterior circulation (arrows). Note 
aneurysm arising from left posterior inferior cerebellar artery. 


procedure. They argue that untreated aneurysms show 
a strong tendency to enlarge and rupture and that 
surgery has less risk than a conservative approach. On 
the other hand, authorities such as McKissock et al. [20] 
and others [10, 21] point out that there has been no 
significant difference in overall morbidity and mortality 
between patients treated medically or surgically. 
Nishioka [22] found little evidence to suggest that 
more than one aneurysm would rupture within a 6 month 
follow-up time of the cooperative study. Paterson and 





Bond [10] concluded that surgery within 7 days and 
attempts to treat all the aneurysms at one operation, 
rather than in staged procedures, were associated with 
significantly higher mortality rates than other forms of 
treatment. Others [23, 24] believe that surgery is the 
treatment of choice for ruptured aneurysms, but addi- 
tional craniotomies for unruptured lesions were of little 
benefit. Heiskanen and Marttila [24] reported a surgical 
mortality of 996 compared to a nonsurgical mortality of 
10%. 
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Patients with multiple aneurysms do have a higher 
morbidity and mortality than those with single lesions. 
Recurrent hemorrhage occurs earlier and is almost al- 
ways from the same aneurysm [11]. Many aneurysms 
(2596-3096) bleed again, more than half within 14 days of 
the initial hemorrhage. In the opinion of Alvord et. al. 
[21], the probability of survival depends on the clinical 
status of the patient after the first hemorrhage and the 
time since the last hemorrhage. The longer the interval, 
the better the prognosis, regardless of therapy. 
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Technical Note 


Improved Technique for Transcatheter Embolization of Arteries 


MICHAEL D. MILLER,' IRWIN S. JOHNSRUDE, AND DONALD C. JACKSON 


Transcatheter embolization of arteries to control bleed- 
ing and to infarct tumors has been widely described in 
the radiologic literature during the last 5 years. The 
process of introducing the emboli into the catheter hub 
can be cumbersome, requiring repeated removal of the 
syringe from the catheter, so that the small pieces of 
Gelfoam, autologous clot, Silastic spheres, or other 
material may be individually injected. We have developed 
a simple modification of a two-way stopcock to facilitate 
this process. 


Method 


The complete apparatus used in transcatheter emboli- 
zation is shown in figure 1, and figure 2 shows the 
modified stopcock in detail. The entire modification 
consists of drilling a tapered side hole in a Luer-Lok 
two-way stopcock. The rotor is removed before drilling 
the housing to avoid damaging it. Although the three- 
way stopcock already has the necessary side hole, the 
two-way valve is preferred for two reasons: (1) the former 
has a fitting which, unless removed, interferes with 
insertion of the embolus; and (2) the three-way stopcock 
has a T-shaped passage through the rotor which results 
in a dead space which might trap the embolus. 

In figure 2B, the modified stopcock is shown in the 
closed position. In this position the catheter is closed 
off, preventing back flow of blood. A single piece of 
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3” long clear connecting tube 
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Modified stopcock 


Gelfoam approximately 1.5 x 1.5 x 5 mm which has 
been soaking in normal saline can easily be inserted 
through the open side hole into the valve using mosquito 
forceps. The valve is then rotated to the open position 
(fig. 2A). The side hole is now closed and, in closing, 
has sheared off any Gelfoam not fully inserted, leaving it 
clearly visible outside the system. Pressure on the sy- 
ringe plunger easily pushes the embolus into a clear 
connecting tube, where its presence may be visually 
confirmed; from there it is further advanced into the 
artery. The procedure is repeated until the desired re- 
sults are obtained. 

Emboli are prepared from commercially available 
strips or blocks of Gelfoam by the device shown in 
figure 3. This is simply a stack of five to 10 double- 
edged razor blades separated by Lucite or stainless steel 
spacers 1.6 mm thick. The spacers cover one cutting 
edge and both ends of the blades, leaving the working 
edge exposed to a depth of about 5 mm. The blades are 
easily replaced by removing the two bolts. Best results 
are obtained with a combined downward pressure and 
short slicing motion. 

This system has shortened the time required to embo- 
lize arteries, reduced catheter damage produced by re- 
peated clamping or kinking, minimized trapping of Gel- 
foam in dead space between the catheter and syringe, 
and decreased the chance of introducing air emboli. 






i Fig. 1.—Assembled apparatus for 
-— introducing emboli into catheter. 
Flushing syringe is attached. 


Injecting syringe 
containing 30 % 
Renografin 


' All authors: Department of Radiology, Duke University Medical Center, Durham, North Carolina 27710. Address reprint requests to |. S. Johnsrude. 
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X e Side hole closed 





Fig. 3.—Gelfoam cutter consisting of double-edged razor blades 
alternating with Lucite or stainless steel spacers. 





Fig. 2. — Detail of modified two-way stopcock. A, Side hole closed. In 
this position emboli are flushed into catheter. B, Side hole open for 
insertion of emboli. In this position arterial line is not open through side 
hole as it would be with conventional three-way stopcock. 
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Conference on the Clinical Prospects for Hypoxic Cell Sensitizers 
and Hyperthermia 


The Conference on the Clinical Prospects for Hypoxic Cell Sen- 
sitizers and Hyperthermia was held in Madison, Wisconsin, September 
29-October 1, 1977. Abstracts from the program are arranged alpha- 
betically within four sections: Potential of Hypoxic Cell Sensiti- 


zers for Clinical Use; Indications for Clinical Use of Hyperthermia; 


Production and Control of Hyperthermia; and Clinical Experience 
with Hypoxic Sensitizers and Hyperthermia. 


Proceedings of the conference will be published in early 1978 
and will be available at cost from: Hyperthermia/Sensitizers Con- 
ference, Radiation Oncology Division, University of Wisconsin Hos- 
pitals, Madison, Wisconsin 53706. 
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POTENTIAL OF HYPOXIC CELL SENSITIZERS FOR CLINICAL USE 


Cytotoxicity of Hypoxic Cell Sensitizers in Multicellular Spher- 
oids: Sutherland RM (Univ. of Rochester Medical Center, Rochester, 


NY 14603) 


In addition to radiation sensitization of chronically hypoxic 
cells in spheroids, certain nitroimidazole sensitizers have been 
shown to kill these cells even in the absence of irradiation. 

This chemotherapeutic effect, demonstrated with both metronidazole 
and Ro-07-0582, is related mainly to the hypoxic state of the 
cells, although plateau phase Chinese hamster V79 cells are some- 
what more sensitive than cells in exponential growth. No cyto- 
toxicity was found at 0°c under hypoxic conditions (« 10 ppm 0,) 
and 2 mM Ro-07-0582 and 15 mM metronidazole were not toxic to 
monolayer cultures at concentrations of oxygen greater than 2500 
ppm. Exposure of spheroids to sensitizers produced a maximum 
killing of 30% of the cells in 3 days at 37 C at concentrations in 
the range attainable in humans (1.5 mM metronidazole and 0.5 mM 
Ro-07-0582). By combining these agents with hyperthermia (41 - 
43°C) in both V79 and EMT6 mammary tumor spheroids it has been 
possible to significantly increase this cytotoxicity. For example 
when spheroids were treated with 1.5 mM Ro-07-0582 at 42°C the 
time required to produce the same level of cytotoxicity (40%) as 
found at 37°C was lowered from 3 days to 90 minutes, These en- 
couraging results suggest the need for further evaluation of these 
combined modalities in vivo to determine normal tissue toxicity 
and therapeutic effectiveness. 


Elimination of Hypoxic Problems in Radiotherapy by 5-Thio-D-Glu- 
cose and Other ARTETA of Glycolysis: Song CW (Univ. of 
Minnesota Medical School, ADU is, MN 55414) 


When the oxygen supply is limited, glycolysis becomes the ma- 
jor process of production of energy. Thus, hypoxic cells are ra- 
ther susceptible to inhibition of glucose supply or glycolysis. 

On the other hand, oxic cells are resistant to restriction of the 
glucose supply and Inhibition of glycolysis since fatty acids can 
be effectively oxidized and used for energy production; that Is, 
cells are able to survive without glucose as long as oxygen is 
available. This difference in energy metabolism under oxic and 
hypoxic conditions may be exploited for elimination of the hypoxic 
problem in radiotherapy. We investigated the effect of 5-thio- 
D-glucose, an analogue of D-glucose and a potent inhibitor of glu- 
cose uptake and glycolysis, on the mastocytoma cells of DBA mice 
and Chinese hamster V79 cells in vitro. It was found that 5-thio- 
D-glucose preferentially killed hypoxic cells in vitro: an in- 
cubation of these cells with 5 mM of 5-thio-D-glucose for 4 hours 
killed more than 90% of hypoxic cells, while oxic cells were not 
affected. Furthermore, this compound potentiated the radiation 
damage under hypoxic conditions and reduced the radiation damage 
under oxic conditions, The response of chronically hypoxic cells 
in multicell spheroids of Chinese hamster V79 cells to 5-thio- 
D-glucose was investigated. The radiation survival curve as well 
as histological changes following an incubation of spheroids with 
5 mM of this compound for 17 hours demonstrated unequivocal da- 
mage to the chronically hypoxic cells under the tumor-like enviror 
ment. The effect of this compound on the neuroblastoma of A/J 
mice and fibrosarcoma of C3H mice in vivo are being investigated. 
Preliminary results indicate that administration of 5-thio-D-glu- 
cose to the animals through drinking water at 2 mg/ml for 3 days 
appears to enhance the response of the tumors to a single expo- 
sure of X-irradiation. 


Evaluation of Electron Affinic Sensitizers Using an In Vitro 
Tumor Model: Durand RE, Olive PL (University =. Wisconsin Medi- 
cal School, Madison, WI 53706) and Biaglow JE (Case Western 
Reserve Univ., Cleveland, OH 44106) 


The net radiation response of a tumor irradiated in the pre- 
sence of a hypoxic cell sensitizer is likely to be a function of 
at least three variables: 1) the oxygen-like radiosensitizing 
properties of the sensitizer, 2) changes in tumor cell population 
due to sensitizer toxicity, and 3) modification of the hypoxic 
population by metabolically active sensitizers. These effects can 
be studied in detail using an in vitro model of solid tumors, 
multicell "spheroids". In this system, internal cells are ren- 
dered hypoxic by metabolic removal of oxygen by the more external 
cells. Consequently, for a sensitizer to be effective in this 
system, it must be capable of diffusing through a respiring popu- 
lation of cells, and exert its radiochemical influence in a tissue 
like environment. Examples will be presented to show that the 
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sensitizing capabilities of many of the nitroheterocyclic com- 
pounds are overridden by their metabolic effects. As a conse- 
quence, only metabolically "neutral'' drugs, or those which marked- 
ly inhibit cellular respiration, are likely to be useable in 
radiotherapy. Furthermore, preferential cytotoxicity towards hy- 
poxic cells can be demonstrated with many of the electron affinic 
sensitizers, and indeed, such preferential cytotoxicity may 
eventually lead to a class of highly specific antitumor chemo- 
therapeutic agents. 


Fractionated'Doses with Hypoxic Cell Radiosensitizers: Fowler JF, 
Sheldon PW (Gray Laboratory of the Cancer Research Campaign, 
Northwood, Middlesex, U.K.) 


Mouse tumor experiments will be briefly reviewed. When re- 
oxygenation was not adequate, sensitization was observed using 
doses of misonidazole (Ro 07-0582) before each X-ray dose. Even 
short overall times, which usually gave poor results with X-rays 
only, could thus be made to give good therapeutic ratios. 

New results in a poorly-reoxygenating tumor are presented: 

5 large fractions each preceded by 0.3 mg/g misonidazole gave an 
SER (sensitizer enhancement ratio) of 1.5. (The single dose SER 
was 1.7). When misonidazole was given with only two of the 5 
X-ray fractions, the SER was about 1.3 regardless of which two - 
middle, first, last or both. When two further injections of 0.3 
mg/g of misonidazole were given at 90 minute intervals, the last 
two being after irradiation, the SER rose from 1.51 to 1.57; this 
shows no significant evidence of cytotoxicity. When 20 fractions 
of 4.6 Gy were given over 9 days to the same poorly-reoxygenating 
tumor, the SER was 1.3 using 0.2 mg/g misonidazole before each 
fraction. From these results it appears that the radiosensitizing 
action of these doses is much larger than the cytotoxic action 
alone: the contact time of the drug (eh hours) in the mice, how- 
ever, was much shorter than in human tumors. Optimization of 
fractionated doses with radiosensitizers will be discussed. 





Surrey, England 


Several groups have demonstrated in vitro that various elec- 
tron-affinic agents, e.g. misonidazole, which are potent radiation 
sensitizers, are also cytotoxic agents specific for hypoxic cells. 
This suggests that these drugs may be RS ara not only as radio- 
sensitizers but also when used in combination with other drugs as 
cytotoxins in cancer chemotherapy. However, most experiments de- 
signed to demonstrate cytotoxicity by misonidazole in mouse tu- 
mours have shown little or no chemotherapeutic effect. A conclu- 
sion, based on such data, that misonidazole would have little 
value as a cytotoxic agent in man would be quite wrong. This is 
because of the completely different pharmacokinetics of misonida- 
zole in man compared with those in mouse. 

In mouse, the drug half-life is about one hour which is suf- 
ficient to allow tumour penetration and effective radiosensitiza- 
tion. Nevertheless, the time-dose relationships for the cytotoxic 
action are such that even at the maximum tolerated dose in mouse, 
killing of hypoxic cells by drug action alone should not be very 
efficient. In contrast, the half-life of the drug in man is much 
longer (12 hours) and this should permit extensive killing of hy- 
poxic cells at drug doses which can be safely used in the clinic. 

This was examined in experiments in vitro in which hypoxic 
cells were exposed to misonidazole for prolonged periods. The 
concentration of the drug in the medium was progressively diluted 
so as to simulate the rate of disappearance of misonidazole in the 
sera of man and mouse. 

The results clearly show that for a dilution half time of one 
hour, initial concentrations of misonidazole greater than those 
that can be obtained in mouse tumours show only a limited degree 
of cell-kill. In contrast, a single exposure of hypoxic cells to 
an initial concentration of 100 ug/ml diluted with a half-life of 
12 hours, gave a surviving fraction of hypoxic cells of «10 ?, 

We conclude from the data that the administration of misoni- 
dazole in low daily doses in patients receiving multifraction 
radiotherapy is likely to lead to killing of hypoxic tumour cells 
by drug action alone in addition to radiosensitization. 

The cytotoxic action of misonidazole is greatly enhanced by 
modest hyperthermia, i.e. temperatures in the range 37°9-41°C. 
Clinical implications of the effect will be discussed. 


Hypoxic Cell Sensitizers and/or High-LET Radiation?: Chapman JD, 
Urtasun RC (Dr. W. W. Cross Cancer Institute, Edmonton, Canada) 
The rationale for the clinical use of hypoxic cell sensiti- 
zers is an improved local control resulting from increased cell 
killing in the tumor cell population which is resistant because 
of low oxygen tension. This, also, is the sole rationale for the 


use of energetic neutrons and an important component of the ra- 
tionale for the use of heavy charged-particles in radiotherapy. 





The oxygen enhancement ratio (OER) of Chinese hamster cells ir- 
radiated with 250 KVp X-rays in the presence of various sensiti- 
zers has been measured. The OER of cells irradiated in the spreac 
Bragg peaks of helium-, carbon-, neon-, and argon-ion beams has 
also been measured. The chemical sensitizers were found to re- 
duce the residual OER's of the various particle beams by a con- 
stant percentage. A combination of a suitable high-LET radiation 
with a clinically-acceptable sensitizer appears to be the most 
effective means of dealing with the radioresistant hypoxic cells 
in tumors, 


mprovements in the Radiothera of Tumors in Mice Using Hypoxic 
ell Sensitizers, Hyperthermia, and C. Parvum: Stone Colo- 
rado State University, Fort Collins, CO 80523) 

Local control of murine tumors has been studied using irradi- 


ation plus the hypoxic cell radiosensitizer misonidazole (Ro 07- 
0582), hyperthermia, and the nonspecific stimulator of the reti- 


culoendothelial system, Corynebacterium parvum. 

The reduction in TCD50 (radiation dose to control 50% of the 
tumors) depended on the tumor line, when 1.0 mg misonidazole/g 
body weight was given ip 30 minutes before irradiation of 8 mm 
diameter tumors. The dose modification factor (DMF = TCD50 in 
air + TCD50 with the sensitizer) was 2.51 in mammary carcinoma 
CSU-MCa, 2.33 in mammary carcinoma MDAH-MCa-4, 1.65 in fibrosar- 
coma FSa in normal mice, and 1.86 in FSa in immunosuppressed mice. 
There was no enhancement of radiation response of jejunal epithe- 
lium by this drug, but a slight increase in skin and leg contrac- 
tion was observed. 

Administration of C. parvum to mice bearing 6 mm FSa fol- 
lowed by irradiation at 8 mm reduced the TCD50 by a factor of 
1.99. Combination of C. parvum and misonidazole with irradiation 
reduced the TCD50 from that in mice given irradiation only by a 
factor of 2.41. The dose-response relationship was altered in 
mice treated with C. parvum, however, and radiation doses to 
achieve 90% tumor control were not reduced. 

When the legs of mice bearing CSU-MCa were immersed in a 
temperature-controlled waterbath at 42.5 C or l3.0?c for 1 hour 
starting within 2-3 minutes after irradiation, the TCD50 was re- 
duced by a factor of 1.73 at both temperatures. A combination 
of misonidazole and hyperthermia treatment with irradiation en- 
hanced local tumor control by factors of 3.28 (42.5°C waterbath) 
and 5.03 (43.0°C). 


Studies on the Radiosensitizing and Toxicity Properties of Misoni- 
dazole: Whitmore GF, Gulyas 5, Wong TW, Varghese AJ (Ontario 


Cancer Institute, Toronto, Ontario, Canada) 


Few, if any, drugs used in the treatment of human malignancy 
are without pronounced toxicity for all or a variety of normal 
tissues. It would appear that the nitro-containing hypoxic cell 
sensitizers are no exception to this generalization. Indeed there 
are already clinical reports of neurotoxicity with several of 
these compounds. 

Early studies carried out with mammalian cells in vitro dem- 
onstrated toxicity and later studies suggested that this toxicity 
was very much more pronounced for hypoxic cells prompting the 
suggestion that in addition to their radiation sensitizing ability 
such compounds might be useful as chemotherapeutic agents in the 
treatment of human malignancy. Recent studies with misonidazole 
have indicated that when incubated with mammalian cells under hy- 
poxic but not aerobic conditions the compound is metabolized to 
produce one or more toxic substances. Once formed in hypoxic 
cells these compounds are capable of producing both toxicity in 
the absence of radiation and a pronounced reduction in the shoul- 
der of radiation survival curves in both aerobic and hypoxic cells 
One potential consequence of these findings is that while the 
drugs may have both a radiation sensitizing and chemotherapeutic 
effect on tumor tissue they may also have sufficient effect on 
surrounding normal tissue to require reduction of conventional 
radiation doses in order to prevent unacceptable complications. 


INDICATIONS FOR CLINICAL USE OF HYPERTHERMIA 


The Effect of Hyperthermia on the Radiation Response of Jejunal 
Mucosa: Merino 0, Peters LJ, Mason KA, Withers HR (M.D. Anderson 


Hospital and Tumor Institute, Houston, TX 77002) 


To be of clinical benefit, hyperthermia must result in an 
improvement in therapeutic ratio, i.e. there must be a greater 
effect upon the tumor than upon normal tissues. We have studied 
the response of mouse Jejunum to hyperthermia administered before 
or after irradiation. The jejunum was exteriorized and heated 
for 30 minutes in a saline bath at temperatures ranging from 37 C 
to 44°C, Radiation dose survival curves for jejunal crypt cells 
were derived from counts of surviving crypts observed histologi- 
cally 34 days after treatment. These data, which show a large 
enhancement of radiation response as a result of heating the bowel 
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to temperatures greater than T ad will be presented and dis- 
cussed. 


Hyperthermia and Radiation--Sequence Effects In Vitro: Durand RE 
tht of Wisconsin Medical School. Madison, WI 53706) 

The ability of hyperthermia to potentiate radiation damage 
has been convincingly shown with a number of in vivo and in vitro 
systems. Using multicell spheroids in vitro, we have found that 
sequence of irradiation and hyperthermic treatment, as well as 
the degree of hyperthermia utilized, leads to marked differences 
in the total response. At one extreme, the increased metabolic 
activity of the spheroids under mild hyperthermic conditions leads 
to rapid oxygen depletion and consequently an increased radio- 
resistance. Cellular respiration is, however, a function of both 
the ambient temperature, and the time of exposure to that tempera- 
ture. Thus, after sufficient periods of exposure, cellular meta- 
bolic processes, including respiration, are inhibited, leading to 
a reoxygenation of the spheroid system and a net increase in the 
radiation response. Data will be presented suggesting that the 
greatest potentiation of radiation damage may be achieved clini- 
cally by using the maximum tolerable levels of hyperthermia 
(43-45°) for periods of at least 20 min. prior to, and during, 
irradiation. 





Influence of Microenvironmental Conditions on Sensitivity to 
Hyperthermia or Radiation: Implications for Cancer Therapy: 
Gerweck LE (Harvard Medical ENT. Boston, MA 02111) 

The composition of interstitial fluid differs in normal and 
tumor tissue. Clinical and laboratory investigations indicate 
that tumors grow in a relatively acidic and oxygen deprived micro- 
environment. A quantitative examination of the effect of these 
factors on cultured mammalian cells indicates they substantially 
influence the response of cells to hyperthermia. 

Extracellular hydrogen ion concentration does not affect the 
viability of Chinese hamster ovary cells over the pH range of 
7.6-6.7 at 37°C. However, simultaneous exposure to reduced pH 
and elevated temperature sensitize cells to hyperthermia and the 
degree of sensitization increases rapidly below pH 7.0. At pH 
6.7 the time required to reduce the surviving fraction to 0.10 
is reduced by a factor of 1.4 at 44C, 1.4 at 43°C and 2.5 at 
42°C, relative to heating at pH 7.4. The lethal response of cells 
to radiation is not affected over the pH range of 7.6 to 6.7. 

Acute hypoxia does not alter the response of cells to hyper- 
thermia. However, under prolonged hypoxic conditions, sensitivity 
to 42°C heat increases. The increased sensitivity observed under 
chronic hypoxic conditions can be demonstrated in the absence of 
associated changes in extracellular pH. In addition, low oxygen 
tension increases the rate of lactic acid production, and, under 
appropriate conditions, a pH dependent sensitization is also ob- 
served. In contrast to these observations, acute and chronically 
hypoxic cells are three times more resistant to radiation than 
oxygenated cells. 

These naturally occurring microenvironment-related effects 
probably play a significant role in determining the tumor and 





-normal tissue response to hyperthermia, alone or in combination 


with other treatment modalities. 


Interactions of Radiation and Hyperthermia Studied In Vitro: 
Dewey WC, Sapareto S (Colorado State Univ., Fort Collins, CO 
80523) 


The killing of CHO cells by heat alone or by heat combined 
with x-irradiation will be discussed. In general, the survival 
of CHO cells to hyperthermic temperatures between 12,59€ and 
46.0°C decreases exponentially as a function of duration of heat 
exposure in a manner quite similar to survival as a function of 
radiation dose. An Arrhenius-type plot of the logarithm of the 
rate of killing as a function of reciprogal temperature exhibits 
linearity with a change in slope at 43.0 C. This change in slope 
suggests either a change in mechanism of cell killing at this 
temperature or a manifestation of thermal tolerance which is 
readily observed when the duragion of heating exceeds 4-5 hours. 

Thermal tolerance to 45.5 C, as evidenced by 3-4 fold in- 
crease in D. is observed in synchronous Gl cells exposed to heat 
20 hours after an initial heat dose. This thermal tolerance is 
observed without any progression of cells into S phase during 
this period. In addition, thermal tolerance is observed for both 
asynchronous and synchronous Gl cells exposed to single heat doses 
between 41.5 C and 42.5 C for up to 14 hours; i.e., survival de- 
creases exponentially as a function of duration of heating up to 
4-5 hours, aftep which survival decreases very little. Between 
42.0 C and 42.5°C, survival is extremely sensitive to changes in 
temperature, with a 10-fold difference in survival for a 0.1 € 
difference in temperature. These data indicate the importance of 
careful treatment design and precise temperature control if hyper- 
thermia is to be used for cancer therapy. 

Hyperthermia when combined with x-irradiation decreases both 


the slope and extrapolation number, and the survival depends on 
both the order of, and time intervals between the two modalities 
For example, when relatively sublethal heat doses at either 42.5 C 
or 45.5-C were applied either before, during, or after irradiation 
the maximum reduction in survival of asynchronous cells occurred 
when heat was present during and immediately following irradi- 
ation. A 6-fold difference in survival was observed with about a 
5-minute change in the timing of radiation with respect to heat- 
ing. This sensitivity of survival to changes in protocol may have 
important implications in the combined use of hyperthermia and 
radiation in cancer therapy. 

The question of tolerance to heat radiosensitization was in- 
vestigated by comparing the survival from two fractionated doses 
of 550 rad each with the survival from two fractionated combined 
doses of 300 rad followed immediately by 40 minutes at h2.59c., 
When the second fraction followed immediately after the first 
fraction, the survival was about 7 x 10 for both radiation only 
and for radiation plus heat, and when the fractions were separased 
by 4 or 20 hours, the survival for each was 3 x 1073 or 7 x 107?, 
respectively. However, when the fractions were separated by 10 
hours, the survival for radiation only decreased by at least a 
factor of two relative to that for the fractionation intervals of 
4 or 20 hours, and was actually 3-4 times lower than the survival 
for radiation plus heat. Thus, for both radiation and radiation 
plus heat, repair of sublethal damage occurred. Furthermore, for 
the combined modalities, there was no evidence of tolerance to 
thermal radiosensitization or evidence of redistribution in the 
cell cycle associated with the first treatment, Redistribution 
with the combined modalities would not be expected because heat 
given elther immediately before or immediately after irradiation 
radlosensitizes S phase cells more than Gl cells, and thus pre- 
vents the selection of a window of surviving cells in S after the 
first treatment. 


Sequencing of Hyperthermia and Radiation in the Management of 
Neoplastic Disease: Belli JA, Harris JR (Harvard WedTca! School , 
Boston, MA 02115) 


An important issue in the use of hyperthermia in combination 
with radiation in the management of human cancer is the sequencing 
of the two modalities. The logistics of managing the combination 
would be greatly simplified if it were possible to avoid the si- 
multaneous delivery of heat and radiation. We have performed a 
number of studies on the effects of a single hyperthermic experi- 
ence (41°C for one hour) on the radiation response of plateau 
phase V-79 Chinese hamster cells in culture. Our studies suggest 
that hyperthermia completely inhibited both sublethal and poten- 
tially lethal radiation damage repair by plateau phase cells when 
heat was delivered after irradiation. On the other hand, pre-ir- 
radiation hyperthermia did not suppress the repair of these radi- 
ation damage states; however, both pre- and post-irradiation 
hyperthermia potentiated radiation effect. More recently, we have 
studied the effect of delay between hyperthermia and irradiation. 
If irradiated cells were incubated at 37 C for two hours prior to 
hyperthermia, no potentiation was observed. In contrast, no sig- 
nificant loss of potentiation was seen over a period of two hours 
after hyperthermia and prior to irradiation. In this sequence, 
complete loss of potentiation was seen by six hours after hyper- 
thermia. Therefore, for the clinical application of combined hy- 
perthermia and radiation, no loss of x-ray potentiation should be 
expected for delay times of 1-2 hours when heat is delivered first 
it may not be necessary to heat tumor volumes during x-ray treat- 
ment. 


The Sensitivity of Human Cancer to Heat: Dickson JA (Royal 
Victoria Infirmary, Newcastle upon Tyne, England) 

Many types of animal tumor can be selectively destroyed by 
temperatures in the region of h2 € without damage to normal tis- 
sues. In such animals, effective hyperthermia of the primary 
tumor leads to disappearance of metastases and cure of the host. 
We have found that this response to l2 C applies to tumors that 
evoke a detectable immune reaction in the host (Yoshida sarcoma, 
MC7 sarcoma, in rats); for tumors that are only weakly (or non) 
immunogenic (D23 carcinoma in rodents, VX2 carcinoma in rabbits), 
temperatures of 45-50 C are required. In animals with a compara- 
ble tumor burden, total body heating has produced less impressive 
results than heat applied locally to the region of the tumor. 
There is now evidence that these opposing effects may be due to 
stimulation of an immune response following local hyperthermia, 
while total body heating depresses the immune system. 

The concept that human cancer is selectively susceptible to 
destruction by a modest elevation of temperature originates from 
the early reported cases of cancer that regressed following acute 
pyrexial illness such as erysipelas, in which temperatures in the 
region of 40°C occurred. Pyrexia was merely one component in 
this response, stimulation of the host immune system and a direct 
deleterious action of the bacterial products on the cancer cells 
probably being involved. There is no evidence that lho9c by it- 
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self has any deleterious effect on human cancer. Following 
regional application of heat at 42-43 C, most success has been 
obtained with melanoma and osteogenic sarcoma,tumors known to be 
immunogenic. Tumor recurrence has been a major feature of the 
reported clinical series, however. Total body hyperthermia at 
42°C has had little beneficial effect or has produced only tempo- 
rary tumor regression. In this case, the tumors heated have been 
the more common types - gastro-intestinal, lung, breast - believed 
to be non-immunogenic or only weakly immunogenic. 

These findings in animals and in man indicate that tempera- 
ture is not the only factor governing tumor response to heat. The 
tumor lethal temperature may be related to tumor immunogenicity, 
immunogenic tumors being responsive to temperatures in the region 
of 42°C, non-immunogenic tumors requiring temperatures of 45 C 
or higher for destruction and host cure. To reduce the tumor bur- 
den and generate an effective immune response, adequate heating 
in terms of temperature x time is necessary. For human cancer 
treated by heat alone, tumor temperatures of 45-50°C will be re- 
quired to minimize the incidence of recurrence and keep the 
heating time short enough for practical purposes, 

These various considerations also imply that local and total 
body hyperthermia should be viewed as different approaches in 
tumor therapy. 


Some Effects of Hyperthermia on Normal Tissues: Field SB (Medical 
Research Council Cyclotron Unit, Hammersmith Hospital, London, 


England) 


The response of normal tissues to heat alone or in combina- 
tion with X-rays has been investigated. Three tissues are in- 
cluded, i.e. skin, cartilage and intestine. 

Heat alone causes early necrosis, a qualitatively different 
response from that of X-rays. Using the Incidence of necrosis in 
mouse ears or baby rat tails as the index of response, it is found 
that a temperature change of 1°C is equivalent to a difference in 
the heating time of a factor of 2. This is consistent with the 
results of other investigations. However, when the blood supply 
of the tail is clamped, there is a dramatic increase in heat sen- 
sitivity by a factor of 2.5 in heating time. The factors which 
may contribute to this result and the implication for therapy wil] 
be considered. The onset of necrosis is very sudden once the cri- 
tical level of heating is reached. Only about 0.5 C increase in 
temperature is sufficient to increase the proportion of necrotic 
ears from 0 to 100%, This finding and the effect of separating 
two heat treatments will be discussed. 

When heat is used as a potentiator of radiation damage, i.e. 
at lower heat ''doses'' than for direct heat damage, the tissue res- 
ponse is similar to that due to radiation alone. The thermal en- 
hancement ratio does not vary widely between the different tissues, 
increasing from unity at about 40°C for | hour to approximately 
1.8 at 43°C for 1 hour. The effects of varying the l. ating time 
are also discussed and the relationship between heating time and 
temperature when heat is used as a potentiator of radiation da- 
mage is shown to be different from that for heat alone. The tem- 
poral relationships between heating and irradiation have been de- 
rived for the three tissues and these results will be shown for 
different levels of both heating and dose of radiation. Finally, 
the effects of fractionation of combined heat and irradiation 
treatment will be considered. 


Therapeutic Ratlo for Tumors Versus Normal Tissues Using Hyper- 
thermia Plus X-rays - Importance of Time Interval: Fowler JF, 
Stewart FA, Hil) EA (Gray Laboratory of the Cancer Research Cam- 


paign, Northwood, Middlesex, U.K.) 


When three types of transplanted mouse tumor were heated for 
| hour at 42,59C, the dose of X-rays required to cause a given re- 
growth delay was reduced by about 1.4-1.5 when the irradiation was 
immediately before or after the heating. At least as much thermal 
enhancement of the X-ray effect was observed in normal mouse skin, 
up to 1.8 dose reduction factor. Therefore, there was no thera- 
peutic gain when heat was applied immediately before or after 
X-rays. |n the skin, thermal enhancement decreased rapidly with- 
in the first hour,and when heat was applied 3 hours or more after 
X-rays there was no enhancement, 

Intervals of up to 6 hours have been investigated in two tu- 
mors and up to 2l hours in one other, with heat given either be- 
fore or after X-rays. In the tumors, although there was a rapid 
decrease in thermal enhancement between 0 and | hours, when heat 
was given at longer intervals after X-rays the tumor sensitiza- 
tion was high (1.4-1.5). At 3 hours this was the effective Thera- 
peutic Gain. 


PRODUCTION AND CONTROL OF HYPERTHERMIA 


Applicator Design and Microwave Frequency Selection for Local 
Hyperthermia/Whole-Body Hyperthermia Equipment Suitable for Clini- 
31 Treatment: Kowal e Sandhu TS, Johnson RJR (Roswell Park 
Memorial Institute, Buffalo, NY 14240) 


The clinical use of hyperthermia with radiation requires the 
development of methods to achieve both local differential hyper- 
thermia and whole-body hyperthermia. 

To achieve local differential hyperthermia, microwave appli- 
cators have been designed with sizes ranging from 10 x 10 cm to 
1.5 x 1.5 cm, utilizing microwaves of either 2450, 915 or 433 MHz. 
The use of single and multiple applicators of varying sizes have 
been developed in order to achieve homogeneous tumor temperatures. 
Surface temperatures are monitored with both fiber optic and ther- 
mocouple probes, while at depth monitoring is accomplished with 
30-gauge thermocouples placed perpendicular to the Rf field. Nor- 
mal tissue cooling has been achieved by either cooling the skin 
surface with cold air or by circulating liquid having the same di- 
electric constant as the tissue in a plastic bag positioned be- 
tween the skin surface and the applicator. Temperature distribu- 
tions using different applicator sizes and at different frequen- 
cies will be presented from both phantom and in-vivo data. 

A whole-body hyperthermia system, suitable for clinical 
radiotherapy, has been developed in cooperation with NASA. The 
system consists of a NASA patch-type liquid-cooled garment (LCG) 
applied to the skin and covered with a polyethylene disposable 
shirt and pants. A specially tailored i-inch neoprene skin diving 
suit Is applied over the polyethylene for insulation. The pa- 
tient is heated or cooled by a large capacity chiller-circulator 
connected to the LCG. Rapid initial heating can be applied 
through two 915 MHz, 15 x 10 cm, microwave applicators positioned 
over the thighs. The patient rests on a 6-inch firm mattress 
supported by a stretcher top which rolls onto the x-ray couch, A 
protocol for the development of this system will be presented. 


Fundamental Differences Between Simple Hyperthermia and 434 MHz 
Effects: Proof of Thermic and on therm cffects of B34 MHz 
E.M.W.: Holt JAG (Institute of Radiotherapy and Oncology, 
Leederville, W.A. 6007, Australia) 


The radiosensitivity value of various cancers has been cal- 
culted from clinical observations of their responses to X-ray 
therapy. An increase of temperature of the cancer increases the 
X-radiation sensitivity, 434 MHz E.M.W. does heat normal tissues 
but preferentially heats living cancer tissue. Measured tempera- 
tures in cancer colonies after 434 MHz radiation do not exceed 
the temperatures reached by simple hyperthermia. However, the 
X-radiation sensitivity increase may be five to one hundred times 
greater than 434 MHz E.M.W. than after 41.8°C. Such large in- 
creases in X-ray sensitivity cannot be demonstrated when 434 MHz 
E.M.W. follows the X-ray therapy. Therapeutic regimens of sequen- 
tial 434 MHz and X-ray therapy, whilst preventing a cancer tempera 
ture rise of more than 2 C. during the 434 MHz radiation, reveal 
similar large increases in X-ray sensitivity. The magnitude of 
the ratio of X-ray sensitivity of human cancer after 434 MHz E.M.M. 
and simple heating to similar temperatures is such that it consti- 
tutes proof that 434 MHz E.M.W. has effects on cancer, independent 
of the temperature rise it creates. 


Optimizing the Heat Treatment of Tumors b Microwaves: Joines WT 
bue University, Durham, Nt 27706) 


After a discussion of tissue electrical properties, the 
microwave source and applicator requirements are presented to op- 
timize the differential heating of cancerous tissue embedded in 
normal tissue. A method for automatically and accurately control- 
ling the amount of heat delivered to a given region by the micro- 
wave source-applicator system is also described. 

A primary goal in treating cancer by hyperthermia is to heat 
the cancerous tissue to temperatures above 42°C while maintaining 
the temperature of normal tissues in the region at or below 42°C 
for most of the treatment period. Preferential, localized heating 
of the tumor is desirable since such concentrated heating promotes 
cancer cell destruction and prevents damage to the adjacent, nor- 
mal tissue. The object of our study has been to establish guide- 
lines for optimizing the delivery of heat to a tumor by microwave 
radiation. 

Based upon a number of theoretical and experimental facts re- 
lating to selective heating and penetration depth in tumors by 
microwaves, the optimum microwave frequencies for heating cancer- 
ous tissue is in the approximate range of 0.5 to 1.5 GHz. Using 
a variety of direct-contact applicators we have developed a com- 
plete system for automatically controlled microwave heating of 
cancerous tissue. Heating can be produced for any length of time 
at a selected location to within an accuracy of 40.1 C. The tem- 
perature is monitored by tissue-implantable thermistor probes 
oriented at right angles to the microwave electric field, and 
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sample temperature readings are made only during | millisecond 
periods occurring every 100 milliseconds when the microwaves are 
off. During the off period, a temperature reading is taken and 
stored in a sample-and-hold circuit until the next off period, at 
which time the reading is updated. The thermal time constant of 
the system is sufficiently long that no appreciable temperature 
change occurs between samples. In addition, the off period is 
long enough to allow the microwaves to decay to a negligible value 
before the sample is finalized. Thus, rectification effects are 
avoided since no microwaves are present when the readings are 
taken, The tissue-implantable thermistor probe continuously moni- 
tors the temperature at a selected site within the heated tissue. 
When the temperature at that site reaches a pre-selected level, 

a signal is fed back through the thermal regulator to the micro- 
wave source to adjust the output power and keep the temperature 
within 40.1? C of the preselected level. 

One of the direct-contact applicators is a double-ridged 
waveguide horn antenna which operates in the 0.9 to 4 GHz range. 
By placing aluminum adhesive tape directly onto the surface be- 
tween the tissue and the horn antenna, but leaving an opening 
which defines the area to be irradiated, the aperture can be ad- 
justed from about 8 by 12 cm up to the 17 by 22.75 cm opening of 
the horn antenna, while maintaining a fairly uniform heating pat- 
tern across the aperture. For confining the microwave heating to 
smaller areas, we have developed a dielectric (titania) loaded 
horn,antenna which operates at 915 MHz and has a contact area of 
9 cm^, Using this applicator, the power supplied by a 5-watt, 
solid-state microwave oscillator is sufficient to produce a temp- 
erature rise of l^ C/minute in biological tissue. Other appli- 
cators having a size, shape, or radiation pattern which may be 
appropriate for certain clinical requirements are also discussed, 


The Physiological Limitations of Whole Body Hyperthermia: 
Pettigrew RT (Western General Hospital, Fibre Scot land) 

Physiological studies during hyperthermia therapy of 82 
patients with disseminated cancer, investigating the hemodynamic 
response, fluid and electrolyte losses, and the modifications of 
the replacement regimen required to produce a safe, stable treat- 
ment are described. 

Liver sensitivity, as measured by enzyme function, Bromsulph- 
thalein excretion, and serial biopsies, proves to be the factor 
limiting maximum therapeutic temperature. Factors increasing 
liver sensitivity are discussed. 

Treatment at below the maximal permissable temperature caused 
increasing whole body stress, as measured by serial cortisol 
levels, suggesting an overall limit to treatment times. 

Hematological studies showed no marrow depression and a 
leukocytosis during treatment. Prolonged therapy in patients with 
sensitive tumours induced intravascular coagulation and necessi- 
tated division of treatment into gradually increasing fractions. 
The value of fractionation and the need for limits of thermal 
stress is assessed with relationship to potentiality factors. 


Radiotherapeutic Requirements for Specification of Heat Distribu- 
tions in Irradiated Volumes: Belli JA, Hellman S (Harvard Medical 
School, Boston, MA 02 


Apart from the increased response tumor cells may inhibit 
when treated with combined hyperthermia and radiation, the radi- 
ation oncologist requires information relative to heat distribu- 
tions within irradiated volumes which allow for the delivery of 
radiation in ways which avoid increased acute and chronic radi- 
ation effects in normal tissues. Obviously, for a given externa! 
heat delivery system, temperature distributions wil! occur at 
depths which depend upon intervening tissue, blood flow, conduc- 
tion, and physiological responses initiated In an attempt to main- 
tain a homeostatic temperature state. In addition, tissue inhomo- 
genelties,because of differences in heat transfer characteristics, 
will also influence the 'isothermic' temperature distributions. 
The radiation therapist requires "isothermic' distribution dis- 
plays which are analagous to isodose distributions generated for 
irradiated volumes during the course of ordinary treatment plan- 
ning. Finally, unlike radiation, the temperature distribution 
within heated volumes will have a decay time which may be dif- 
ferent for different normal tissues and for tumors, Such infor- 
mation is also important to the radiation therapist since the po- 
tentiation of radiation response by high temperature may not 
depend upon simultaneous delivery of both. These issues will be 
discussed from a radiotherapeutic standpoint in an effort to pro- 
vide guidelines for the development of heat delivery and measure- 
ment systems. 


Treatment of Solid Tumors by Radiofrequency Heating: Dickson JA 
(Royal Victoria Infirmary, Newcastle upon Tyne, England) 
It is now accepted that hyperthermia (temperatures 42°C) has 


a destructive effect, alone or as an adjuvant, on some types of 
human cancer. Definition of the value of heat as an anti-tumor 
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agent against different tumor types and host tumor burdens now 
awalts detailed data on its application in the clinic, in terms 

of optimal scheduling (temperature, time and frequency of heating) 
This will require convenient and efficient methods of heating. 

A modified diathermy technique has been developed for heating 
solid tumors to 50"C without damage to skin and intervening nor- 
mal tissues, The portable machine has a radiofrequency (RF) 
generator operating at a crystal-controlled frequency of 13.56 
MHz (22m wavelength) and an output of 400W. The RF current is 
transmitted to the tumor via two coaxial cables each terminating 
in a flat copper paddle electrode. The apparatus employs the 
condenser field technique whereby the tissue becomes part of the 
output circult, and is heated between the electrodes applied 
to opposite sides of the tumor. Tuned compensating coils in the 
paddle handles, a connector lead between the paddles, and a DC 
inverse feed-back loop between the RF output and the crystal 
oscillator, are special features of the circuitry which produce 
stable and readily controlled tumor heating. 

Over 200 subcutaneous rat tumors of different types and up 
to 3 ml in volume have been heated at an Intratumor temperature 
of 45 or 50°C for 15-30 minutes, with a regression rate of 100%. 
Twenty-five intramuscular VX2 tumors (10-25 ml) in rabbits were 
treated at 47-50°C for 30 minutes, with a 75% regression rate. 
There was no damage to normal tissues, temperature of the skin 
within the RF field remaining 4-6°C below tumor temperature 
during the heating. For heating these large animal tumors, the 
output of the RF machine did not exceed 15W. 

The RF machine is now being used clinically for the local 
heating of solid human tumors in conjunction with colleagues at 
the Surgical Clinic, University of Erlangen-Nurnberg, Germany. 
Problems encountered in employing the high-intensity RF fields 
(up to 300W) required and in the monitoring of tumor response, 
as well as a preliminary series of cases, will be discussed. 


Ultrasound and Hyperthermia: Hahn GM, Li GC, Marmor JB (Stanford 
Univ. Medical Center, Stanford, CA 91305) 


Passage of an ultrasonic wave through tissue results in de- 
position of energy in the tissue. This energy is rapidly conver- 
ted to heat. At frequencies above about 500 KH,, ultrasound can 
readily be focused by transducers of manageable dimensions; hence 
temperature distributions can be optimized. The rate of energy 
absorption is determined by the ultrasound frequency as well as by 
the composition of tissue. For deepseated tumors, superposition 
of beams from several transducers may be desirable. Tissue-air 
interfaces cause almost 100% reflections of incident waves. Hence 
lungs are not treatable by U.S. and special techniques may be 
required for neoplasms of the G.I. tract and the oral cavity. 
Preferential absorption (and reflection) by bone of ultrasound 
energy also presents some difficulties. 

We have used U.S. to treat transplantable tumors in mice, 
and spontaneous tumors in dogs and cats and in humans. Two murine 
tumors (EMT-6 and KHJJ) are curable by single U.S. exposures at 
rates approaching 80-100%; another (KHT) is rarely curable, even 
after repeated treatments. Dogs and cats (referred to us by 
cooperating veterinarians and not treatable by conventional tech- 
niques) respond to thermal treatment: about 25% have shown com- 
plete regression of tumor in the treated area, and 25% partial 
regression. No effect was seen in 50% of the treated animals. 
Some human tumors also seem to respond; of particular interest is 
the fact that areas previously heavily irradiated by x-irradiation 
apparently can be treated by ultrasound without adverse side ef- 
fects. Combined x-irradiation and hyperthermia often results in 
tumor responses superior to those seen with x-ray alone. 


CLINICAL EXPERIENCE WITH HYPOXIC SENSITIZERS AND HYPERTHERMIA 


The Basic Considerations of R. F. Thermotherapy and Clinical 
Experience: LeVeen HH, Ahmed N (State Univ. of New York, 
Brooklyn, NY 11203) 


No integrated blood supply was found in cancerous tissue on 
histologic sections; rather, a disorganized network of capillar- 
ies makes connection with normal capillaries at the periphery of 
the tumor. This high resistance flow network makes connections 
only with low pressure capillaries making perfusion sluggish. 
Blood flow in the normal adjacent tissue was compared to that in 
tumors, Flow was measured by embolization of tumors with micro- 
spheres and by indicator dilution technique on excised specimens 
using radio isotopes. The reduced blood flow follows a cir- 
cultous route through the tumor before transit is completed. Be- 
cause blood flow disperses heat from a warmed segment of the body, 
the reduced blood flow of tumors causes them to be selectively 
heated by regional RF diathermy. 

The apparatus consists of a solid state 500 watt amplifier 
with a crystal controlled output at 13.56 Mg. Hz. Forward power 
and reflected power are measured in watts. If the impedance of 
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the load were greater than that of the amplifier, the power would 
be reflected into the amplifier rather than heating the tissues. 
Therefore, a circuit matches the impedance of the amplifier to 
that of the load. Sufficient energy transfer across the skin and 
fatty tissue can be achieved by multiple portals of entry. Vari- 
able timers switch the aplifier output to sequentially activated 
electrode pairs, Each electrode pair has an impedance matching 
network and power output control, 

Tissue penetration improves with the longer frequencies and 
is optimum in the U.L.F. bands. A frequency of 13.56 is a tech- 
nical trade off for a reasonably effective frequency permissible 
by F.C.C. The current is introduced into the body through metal 
electrodes and conductive jelly, as was done 50 years ago with 
spark gap generators. 

Human lung tumors were examined histologically after thermo- 
therapy. Cancerous cells were damaged or destroyed by heat, but 
the stroma of the tumor was also damaged. Collagen swelling 
occurred, Intense vasodilatation occurs at the periphery of the 
tumor. Capillary damage is responsible for diapedesis of red 
cells causing a heavy deposit of hemosidirin at the tumor's peri- 
phery. Plasma cells accumulate around the microvasculature and 
polymorphonuclear leukocytes infiltrate foci of necrotic tumor 
cells. After a full course of therapy the microvasculature is 
destroyed with massive necrosis of the tumor. The tumor becomes 
heavily infiltrated with macrophages and lymphocytes. This is 
considered evidence of an immune response. 

The treatment schedule now employed is a course of four 
three-hour heating sessions with tumor cross-firing. The patient 
is infused with glucose during therapy. Atropine is administered 
to reduce perspiration. The patient is covered to allow a fever 
of 38? to 39? to develop. Treatment is continued until complete 
regression occurs. 

A wide variety of lesions have been treated in a Phase |l 
study. Carcinomas undergo regression and some patients with un- 
treatable malignancies have become tumor free. Our greatest ex- 
perience is with pulmonary carcinomas which were treatment failures 
by other means. Nineteen patients have received a full course of 
therapy over one or more years. All show immediate gain in 
strength and appetite, and regression of the tumor mass. Although 
some patients have died of distant metastases, all showed an ex- 
tension of life expectancy. Half of the patients are still alive 
after two years, and four are tumor free, and the others are under 
active therapy. 


A Clinical Assessment of Body Hyperthermia Combined with Chemo- 
therapy or X-rays: Pettigrew RT (Western Genera] Hospital, 
Edinburgh, Scotland) 


Whole body hyperthermia alone is palliative, the maximal 
treatment dosage being limited by physiological tolerance,  Thera- 
peutic temperatures and time ratios can be decreased by poten- 
tiality factors, This may be achieved by changing the physiologi- 
cal environment, the addition of cancerocidal drugs, or the use 
of X-rays. 

The clinical hazards and physical difficulties encountered in 
the use of such treatment is discussed, together with preliminary 
results on the effects of different timing schedules. The result 
of a pilot study of 12 patients with gastro-intestinal cancer 
treated by whole body hyperthermia plus 5FU, Vincristine and Cyclo 
phosphamide are reviewed. Five other patients have been treated 
by hyperthermia plus X-ray therapy for various tumors. Initial 
results of these two studies are promising and indicate the need 
for further evaluation. 


Clinical Experience with Metronidazole and Misonidazole: 
Urtasun RC, Chapman JD (Univ. of Alberta & Cross Cancer Institute, 


Edmonton, Alberta, Canada) 


Distribution and Tolerance: The shape of the blood concen- 
tration curves and the concentration of these drugs in tumor tis- 
sue are quite similar. The maximum blood concentration has been 
observed at 4-5 hours after drug ingestion with half-lives of 
13-16 hours. Both drugs appear to be crossing the blood brain 
barrier. When assessing drug levels in blood and tumor tissues 
in the same patient at 4, 8, 12, 32, and 48 hours after ingestion 
of either drug, the tumor tissue levels parallel that of blood 
showing in general a delay of one to two hours in the time of 
maximum concentration. Although no significant side effects were 
encountered with metronidazole when administered in multiple 
doses in over 40 patients, moderate to severe peripheral neuro- 
pathy was encountered when administering multiple doses of miso- 
nidazole. The frequency of this toxicity appears to increase when 
reaching total doses of over 18 grams given over short periods of 
time (three weeks or less). 

Determination of Drug Activity in Human Tumors: A prospec- 
tive randomized trial on patients with supratentorlal glioblasto- 
mas revealed a four-month delay in the time of tumor regrowth. 
This study was terminated in 1976. A new study with the same type 
of tumor was started in 1977 in order to compare daily fractiona- 





ted radiotherapy over a period of six weeks with three large radi- 
ation fractions (430 rad/fraction) a week for three weeks com- 
bined with either metronidazole or misonidazole. A fourth arm was 
added to assess the effect of metronidazole when used in conjunc- 
tion with daily fractionated radiotherapy. So far, no significant 
side effects have been encountered either with the radiosensiti- 
zing drugs or with the lasge radiation fractions. Metronidazole 
is administered at 6 gm/m , obtaining mean maximum concentrations 
of 1 millimolar,and misonidazole at 1-1.5 gm/m', obtaining mean 
maximum concentrations of 180-200 micromolars. 


Clinical Experience with Misonidazole (Ro 07-0582): Dische S 
(Mount Vernon Hospital, Northwood, England) 

The promise of the many animal studies and of the potenti- 
ation of effect which we showed in normal skin made hypoxic and 
in multiple tumor nodules of patients, has justified the admini- 
stration of misonidazole in multiple doses combined with radio- 
therapy in this further series of patients. In this phase of the 
study the prime purpose was to determine a safe dose of misonida- 
zole and only patients with advanced tumors and/or limited expec- 
tancy of life were included in this study of this clinically un- 
tried drug. The evaluation of the benefit of the drug can only 
be performed in randomized controlled clinical trials when cura- 
tive doses of radiotherapy are employed. Although our patients 
were not suitable for such an evaluation, we have made careful 
study of the normal tissue effects and the tumor responses. 

We first administered misonidazole to patients in September 
1974 and now we have studied 87 patients, of whom 64 have had 
three or more doses of the drug. Some nausea and vomiting was 
seen in our earliest group of patients given single large doses, 
but this has not been encountered in any of the groups of patients 
who have been given the drug subsequently. Neurotoxicity - con- 
vulsions with the highest doses, peripheral neuropathy with les- 
sened amounts - is the only limiting toxic effect in man. 

In early work, the peripheral neuropathy was shown to be re- 
lated to the total dose of drug rather than to the number or fre- 
quency of the administrations. In a further study using a dose 
related to surface area (12 g per square meter) the incidence of 
peripheral neuropathy was closely related to the half-life of the 
drug and the actual concentration in the serum. With application 
of this data,the dose to be given to a patient can now be adjusted 
so as to give low risk of peripheral neuropathy. 

The immediate response of all normal tissues included in the 
treatment volumes of 44 patients with tumors at many different 
sites showed no potentiation of effect. No increase in late mor- 
bidity has so far been seen. A range of responses of the tumors 
irradiated has been observed. Those given daily doses of misoni- 
dazole seem to show the most striking effect. 

This preliminary work gives encouragement for the establish- 
ment of clinical trials and supports the view, based on animal 
data, that in general normal tissue effects will not be potenti- 
ated by the sensitizer. 

As the dose of misonidazole must be limited because of the 
risk of neurotoxicity, we must carefully consider the optimum 
regimento be used. The possibilities are: 

l. With every treatment in a multi-fraction course given 
daily over a number of weeks. 

2. With a reduced number of fractions so that a high radia- 
tion dose is combined with a high dose of sensitizer. 

3. With some of the treatments in a multifraction course of 
radiotherapy. 

4. Combined with multiple radiation treatments in one day, 
taking advantage of the relatively long half-life of the drug in 
man. 

There are advantages and disadvantages with each of these 
regimes, The administration of the drug with each treatment in a 
multi-fraction course of radiotherapy has now much to commend it. 
A series of 20 patients have now been administered daily doses of 
misonidazole combined with radiotherapy and a randomized con- 
trolled trial has been begun in carcinoma of the bladder. 


Clinical Experience and Planned Approach for the Clinical Use of 
Sensitizers at the Princess Margaret Hospital: Bush RS (Princess 


Margaret Hospital, Toronto, Canada 


The types of failure from radiation therapy include: 1) Pro- 
gression of disease outside the treatment volume (a) adjacent; b) 
distant); 2) Tumor controlled but death due to complications of 
treatment; 3) Recurrence within the tumor volume. 

If human tumors could be made more sensitive to radiation 
while the normal tissue remained unchanged or was made more re- 
sistant, then the therapeutic ratio would be involved. An im- 
provement in therapeutic ratio implies three possibilities: 1) 
an increase in local control rate; 2) by lowering the radiation 
dose appropriately, a decrease in the serious complications while 
maintaining the same local control rate is possible; 3) by lower- 
ing the dose,but increasing the volume irradiated, the current 
level of complications may be unchanged but the cure rate improved 
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significantly. Evidence for hypoxia controlling the local control 
by radiation of patients with locally advanced carcinoma of the 
cervix will be presented. 

In the light of the findings for the above patients, and on 
the basis of what we think are the pertinent underlying radiation 
biological factors, the proposed program at The Ontario Cancer 
Institute to investigate several ways of improving radiation 
sensitivity will be discussed. The argument for the investigation 
of small daily doses of misonidazole will be presented. 

In considering the question of what type of clinical trial 
should be done with misonidazole, there are two major groups of 
patients which could be studied: 1) those in whom a significant 
proportion of cures is already being obtained; 2) those in whom 
palliation has been the primary objective in the past. In the 
first case, when the cure rate is high, it is unlikely that any 
major change in treatment schedules with radiation would be 
acceptable. There is reason to believe that sensitizers could 
improve the response of some tumors in which only moderate local 
control and cure rates are being achieved. Thus, even in Phase | 
trials with misonidazole, we believe it is the patients who might 
benefit from the drug who should be asked to pay any price there 
may be for the benefit. It would not be ethical in our view to 
ask patients who are being treated palliatively, and the drug 
given in such a way that benefit was unlikely, to run the risk of 
complications when the chance of benefit was absent in thei case. 

This is not to be taken as implying that we believe that 
sensitizers have no place in the treatment of patients being treat- 
ed palliatively, but only that the dose schedules we propose for 
investigation in this presentation have no place in their manage- 
ment. There is a risk in the taking of daily doses of misonida- 
zole, and no patient should be asked to take that risk if there 
is no benefit to weigh against the cost. 


Hyperthermic Perfusion of the Extremities for Melanomas and Sar- 
comas: Stehlin, Jr., JS (The Stehlin Foundation for Cancer Re- 
search, Houston, TX 77002) 


This discussion will outline a ten-year experience with 
hyperthermic perfusion for melanomas and sarcomas of the extremi- 
ties. The combined use of heated perfusion with Alkeran for mela- 
nomas and Alkeran plus Actinomycin for soft tissue sarcomas will 
be discussed. The technique, plan of treatment, complications, 
and results will be outlined. The addition of heat to the perfu- 
sion system in 1967 has resulted in a significant improvement 
in the objective response rate of melanomas and sarcomas. More- 
over, the survival rates for patients with recurrent melanomas 
clinically confined to the extremities has greatly improved in 
the past 10 years. 


Results of Combined 434 MHz E.M.W. and X-ray Therapy: Holt JAG 
(Institute of Radiotherapy and Oncology, enne. W.A., 6007 
Australia) 


The use of 434 MHz electromagnetic waves prior to the appli- 
cation of conventional X-ray therapy has been demonstrated to 
result in an increased effectiveness of the X-ray therapy. Such 
combination has been proven to produce its increased effects on 
cancer as a result of both thermic and non-thermic effects of 
434 MHz E.M.W. 

Careful appraisal of treatment regimes have lead to the be- 
lief that the optimum regime consists in delivering a dose of 434 
MHz E.M.W. approximately fifteen minutes before the application 
of between 25 and 75 rads of X-ray therapy. This should be re- 
peated on the third, fifth and possibly at other intervals during 
the course of daily X-ray therapy. On those days on which 434 
MHz E.M.W. are not delivered, the use of a conventional dose (e.g. 
200 to 300 rads) is apparently of optimum in terms of the cure 
rate of cancer by using this combined method. 


The results of a whole spectrum of cancer as treated by com- 
bined therapy using this regimen is presented. For a series of 
fifty-two patients with ear, nose and throat cancer, who have all 
now completed three-year follow up, twenty-seven are alive and 
well without evidence of local disease or of metastases within 
the neck. Two patients have distant metastases in the chest, both 
have had treatment to the chest metastases using similar methods 
and remain well. A retrospective series of 52 cancers treated 
in air and hyperbaric therapy shows that in three years eight 
and ten respectively survive. For this group of cancers combined 
therapy is three times as effective as conventional treatment. 

The other cancers which can be readily treated by this 
method include all which would normally be attempted using con- 
ventional therapy and in the experience of this practice can have 
their results materially improved by using combined therapy. 

The particular sites of malignant disease which appear most 
suitable for treatment are the ear, nose and throat cancer, the 
primary gliomata, all the lymphomatous diseases and most carcino- 
mata of the breast, prostate, thyroid, kidney and bladder, 

There is reason to believe from radiowave absorption measure- 
ment that at this frequency all malignant disease can be specifi- 
cally influenced. For the first time in cancer therapy, a method 
of treatment is available which selectively affects the cancer 
in preference to the normal. 


The Use of Either Regional or Who le~Body Hyperthermia as an Ad- 


unctive Treatment with Radiotherapy: Johnson RJR, Hetzel F, 
Sandhu TS, Kowal HS (Roswell Park Memorial Institute, Buffalo,NY 
14240) 


Whole-body, regional or localized differential tumor hyper- 
thermia may potentially be used in conjunction with radiation to 
improve the therapeutic ratio. Both whole-body and regional 
hyperthermia is limited to temperatures of 41.5-42 C. Differen- 
tial tumor hyperthermia should maintain the tumor in the 41.5- 
lh 59 c range with the normal [issue below 41.5°C. The use of tu- 
mor temperatures of 41.5-44.5°C may effect the tumor response by 
four mechanisms: (1) an alteration in tumor oxygen tension at 
the time of radiation by changing blood flow and metabolism, (2) 
by altering radiation repair processes, (3) by a thermal cytotoxic 
action on cells exposed to a low oxygen tension, low PH or suf- 
fering from an impaired metabolic state when temperature ranges 
of 41.5-42.5°C are used and (4) by thermal cytotoxic effect on 
oxygenated cells when temperatures of 42.5-44.5°C are used. 

If differential tumor hyperthermia can be obtained, the there 
peutic ratio will be significantly improved. The advantages and 
disadvantages of microwaves, ultrasound and low frequency current 
systems to achieve differential tumor hyperthermia will be dis- 
cussed, 

Whole-body hyperthermia does have the capacity to raige deep- 
seated tumors and normal tissue to temperatures of 41.5-42°C with 
acceptable morbidity and mortality. The use of this temperature 
range will effect the biological response of cells to radiothera- 
py by (1) a thermal cytotoxic effect on cells exposed to a low 
oxygen tension, low pH or suffering from an impaired metabolic 
state, (2) an alteration in the radiation repair systems of the 
normal and tumor cells, (3) alteration in oxygenation of the tumor 
at the time of radiation due to changes in the microcirculation or 
metabolism. 

Control studies have been carried out at Roswell Park on pa- 
tients with multiple superficial tumors to determine the thermal 
enhancement ratio of both tumor and normal skin when hyperthermia 
is applied for two hours to both skin and tumor at a temperature 
of 41.5-42°C, The thermal enhancement ratio for the skin is cal- 
culated from skin scoring and tumor thermal enhancement ratio from 
regrowth data. 

Initial results from 30 cases suggest that post-radiation 
heating significantly improves the therapeutic ratio for some 
tumors. 

Further cooperative studies using different histological tu- 
mor types will be required before the feasibility of using whole- 
body hyperthermia and radiation can be fully determined, 


Editorial 


Annual Meeting Moves Ahead 


Radiologic scientific societies continue to play an 
important role in the development of our specialty. By 
the principles they espouse and the policies they adopt, 
they have an influence upon how radiology is practiced. 
Whether new modalities such as nuclear imaging and 
ultrasonography become part of the discipline of radiol- 
ogy, whether disciplines such as radiation therapy be- 
come less and less the province of the general radiolo- 
gist are, to an important degree, influenced by the 
organization and impact of these societies. 

Particularly before the advent of specialty board certi- 
fication, the special requirements for membership in 
scientific societies such as our own helped to elevate 
the qualifications of a specialist in radiology. Today our 
membership requirement, recently modified to "'evi- 
dence that he/she has contributed to the advancement 
of radiology through such activities as contributions to 
the medical literature and/or significant teaching efforts 
at the undergraduate, postgraduate, or continuing edu- 
cation level," if broadly interpreted and intelligently 
applied, is probably valuable in stimulating the best 
efforts of radiologists in the service both of their patients 
and the field of radiology. However, nothing that the 
radiologic societies do is more significant than their 
educational functions, and the national meetings of the 
American Roentgen Ray Society and the Radiological 
Society of North America remain the broadest, most 
extensive, most current and least expensive continuing 
education sources for radiologists in the country. For all 
these reasons, it is important for the national societies, 
from time to time, to reconsider the specific details of 
their meetings and other functions in order to keep up 
with the current needs of the profession. 

With this in mind, in 1974, the president of the Ameri- 
can Roentgen Ray Society, Colin Holman, appointed an 
ad hoc long-range Planning Committe under the chair- 
manship of Eugene Klatte, and the following year the 
committee recommended to the Executive Council that 
changes be made in the date and format of the annual 
meeting. At the 1976 meeting Ted Leigh presented this 
resolution: 

Whereas, the memberships of the American 
Roentgen Ray Society and the Radiological So- 
ciety of North America have long recognized 
the need for a greater separation in time of 
annual meetings, and 

Whereas, the attendance of radiologists and 
other imaging scientists at one or both meetings 
would be facilitated by their separation in time, 
and 

Whereas, further separation in time of the 





annual meetings of the two societies would 
allow authors, scientific exhibitors, and techni- 
cal exhibitors to present new material and 
equipment with less delay, and 

Whereas, the time of the annual meeting of 
the Radiological Society of North America is 
planned to continue as now, in the late fall of 
the year, 

Therefore be it resolved, that the time of the 
annual meeting of the American Roentgen Ray 
Society be changed to next spring, and 

Be it further resolved, that the manager of the 
annual meeting of the American Roentgen Ray 
Society and other appropriate officers of the 
Society aggressively investigate potential hotel 
accommodations and logistics so that this may 
be accomplished. 

The possible drawbacks were considered, such as 
conflicts in dates with meetings of the state and regional 
radiological societies, the Association of University Ra- 
diologists, and possibly the American College of Radiol- 
ogy. It was felt that a convenient date could be selected 
with the advice and consent of some of the other socie- 
ties that meet in the spring. A mail pool of the member- 
ship was proposed and distributed with the dues notices 
for 1977. Of the 1,307 members, 782 returned completed 
ballots, with 685 voting for a spring meeting and 97 
against it. 

The Executive Committee met in April 1977 and 
agreed, after full discussion, that the earliest feasible 
date was in the spring of 1979. If the regular fall meeting 
in 1978 were to be held, it would leave only 6 months to 
prepare the papers, scientific exhibits, and commercial 
exhibits and do all the administrative work required for 
the next annual meeting. On the other hand, the possible 
detrimental effects of an 18 month interval between 
meetings of our society (and the other scientific societies 
that have met in conjunction with us) was considered. 
After much deliberation it was voted to cancel the 1978 
meeting, continue the policy of meeting in many different 
parts of the country, and encourage the continued asso- 
ciation with our meeting of the other groups that have 
met with us. 

George Kling, director of the annual meeting, prepared 
the following schedule which avoids the dates of Good 
Friday, Easter, and Passover: 

1978 — canceled. 


1979— Sheraton Centre, Toronto, Canada, 
March 25-30. 
1980— MGM Grand Hotel, Las Vegas, Nevada, 


April 20-25. 
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1981—San Francisco Hilton, San Francisco, 
California, March 22-27. 

The Society will continue in every way to promote 
scholarship and continuing education in radiology. The 
1977 meeting in Boston adopted a new format in which 
the refresher courses were offered between 8:00 a.m. 
and 9:30 a.m., and the scientific papers were given from 
10:30 a.m. to 12:30 p.m. and 2:00 p.m. to 4:00 p.m. The 
schedule was arranged to allow time, spaced throughout 
the day, for attendance at the scientific and technical 


exhibits. Except for the Wednesday morning plenary 
session, parallel scientific sessions grouped according 
to field of interest were held throughout the week. The 
meeting was the best attended in the history of the 
Society. It is hoped that the schedule changes now 
projected will further serve the best interests of all 
radiologists. 


Harry Z. Mellins, president 
American Roentgen Ray Society 


Meeting Calendar 








Organization 1978 


American College of Radiology ............... April 9-14, San Diego 


American Institute of Ultrasound in Medicine .. 


meeting 
American Radium Society .................... April 26-30, New Orleans 
American Roentgen Ray Society .............. No meeting 


Oct. 31-Nov. 4, Los Angeles 
April 30-May 4, Toronto 

Nov. 26-Dec. 1, Chicago 

Sept. 22-24, Denver (tentative) 


American Society of Therapeutic Radiologists . 
Canadian Association of Radiologists ......... 
Radiological Society of North America ........ 
Society of Pediatric Radiologists .............. 





April 4-9, Puerto Rico, education meet- 
ing; Oct. 7-13, San Diego, annual 


1979 1980 


Sept. 21-25, New Orleans 

Feb. 23-March 3, Tahoe, education March 1-6, Hilton Head, educa- 
meeting; Aug. 23-31, Montreal, an- tion meeting; Sept., New 
nual meeting Orleans, annual meeting 

March 4-8, Los Angeles April 27-May 1, Philadelphia 

March 25-30, Toronto April 20-25, Las Vegas 

Oct. 23-27, New Orleans Planning in progress 

Sept. 15-20, Vancouver Oct. 4-9, Montreal 

Nov. 25-30, Atlanta Nov. 16-21, Dallas 

March 24-26, Toronto Planning in progress 


Sept. 16-20, Chicago 


Special Report: 


NIH/NCI Consensus Development Meeting on Breast Cancer Screening 
Bethesda, September 14-16, 1977 


The National Institutes of Health inaugurated a new ap- 
proach to evaluation of therapeutic and diagnostic pro- 
cedures with a mid-September "Consensus Develop- 
ment Conference" on breast cancer screening. The con- 
ference, first in a continuing series, was held September 
14-16, 1977, at the NIH in Bethesda. 

The goal of consensus development conferences is to 
speed up the decision-making process in research as 
well as in health care policy. Central to the mechanism 
is a carefully selected panel of scientists, health profes- 
sionals, legal experts, ethicists, and representatives of 
the lay public. The panel hears comprehensive presen- 
tations of available data on the issue under consideration 
and whatever differing interpretations may exist con- 
cerning these data. In addition, comments on the socie- 
tal implications are solicited and heard by the panel. 
Following full presentation of the issues the panel is 
asked to engage in open discussion for the purpose of 
reaching consensus on as many facets of the problem 
as possible. 

Results of the conferences—the points of consensus 
as well as the points of disagreement—are to be made 
widely available for the information of the general public, 
for health professionals, and for use in policy and regu- 
lation development by the appropriate funding or regu- 
latory agencies. 

Large scale breast cancer screening, surrounded by 
controversy, was an appropriate and challenging topic 
for the first NIH Consensus Development Conference. 


Background and Approach 
The Panel 


The Breast Cancer Screening Consensus Development 
Panel was made up of 16 leading scientists, epidemiolo- 
gists, and physicians from various disciplines, including 
radiology, medical oncology, surgery, and general med- 
icine, together with distinguished representatives of the 
clergy, the legal profession, and the lay public. Besides 
aiming at a broad representation, criteria for selection 
of the panel members included (1) that they were not 
known to have taken a public position either for or 
against mammography or wide-scale breast cancer de- 
tection applied to asymptomatic women; (2) that they 
were not significantly involved in either the development 
or operation of the Breast Cancer Detection Demonstra- 
tion Projects (BCDDP), jointly sponsored by the National 
Cancer Institute and the American Cancer Society (ACS); 
and (3) that they were not federal employees or staff 
members of the ACS. A further goal was to include a 
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significant proportion of women on the panel. As finally 
constituted, the panel included four women. The chair- 
man was Samuel O. Thier. A list of panel members 
follows this report. 

Prior to the meeting the panel was provided with 
technical information on the issues involved, including 
a detailed history of the creation of the BCDDP, the 
manual of procedures and operation of the BCDDP, 
copies of minutes of selected meetings of the Cancer 
Control and Rehabilitation Advisory Committee, a collec- 
tion of publications dealing with screening and mam- 
mography, and other relevant materials. 

Historic background for the meeting stretches back at 
least to 1973, when the 27 Breast Cancer Detection 
Demonstration Projects (BCDDP) were activated at 29 
centers around the country under the auspices of the 
National Cancer Institute and the American Cancer So- 
ciety. The purpose of the project centers was to demon- 
Strate the feasibility of periodic screening of large num- 
bers of women for breast cancer using clinical history, 
physical examination, mammography, and thermogra- 
phy. By this means it was hoped that the early detection 
of breast cancer would reduce the mortality from this 
disease. 

Critics of the BCDDP have long questioned whether 
the radiation designed to detect cancers might not itself 
trigger development of malignancies at a later time. 


Consensus Development Meeting 


The consensus meeting was held to coincide with the 
completion of a report from the Working Group for the 
Review of the BCDDP chaired by Oliver Beahrs, profes- 
sor of surgery at the Mayo Medical School, Rochester, 
Minnesota. This group was formed in January 1977 by 
the NCI and charged with analyzing the data currently 
available from the BCDDP and determining what infor- 
mation could be added to that already existing from the 
reports and reviews of the earlier breast cancer detection 
screening program conducted by the Health Insurance 
Plan (HIP) of New York which began in the early 1960s. 

The review of the HIP data and information on the risk 
of radiation to the breast [1] was requested in October 
1975 following criticism of the BCDDP which suggested 
that the radiation designed to detect cancers might also 
be triggering the development of malignancies [2]. Three 
groups were appointed to the investigation. Two re- 
viewed data from the HIP screening program: the group 
headed by Lester Breslow, dean of the School of Public 
Health, University of California at Los Angeles, examined 
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the benefits of mammographic screening as determined 
from the HIP data; the group headed by Louis B. 
Thomas, chief of the Laboratory of Pathology, NCI, 
reexamined the pathology of cancers found in the HIP 
study. The third group, headed by Arthur Upton, then 
dean of Basic Sciences, Health Sciences Center, State 
University of New York, Stony Brook, evaluated the 
relationship between benefit and risk in mammographic 
screening using data from several studies of women 
exposed to radiation from various sources. 

The principal finding from the HIP data was that in 
women over the age of 50 years, those in the screening 
group had a 40% lower mortality from breast cancer 
than the unscreened controls. However, in women below 
50 there was no similar decrease in breast cancer mor- 
tality. The second point was viewed as important since 
there is some finite though undetermined risk from the 
exposure to radiation. 

The HIP review studies, completed in March 1977, led 
the NCI to issue interim guidelines for the BCDDP limit- 
ing routine mammography in asymptomatic women to 
those who had a personal or close family history (sisters 
or mothers) of breast cancer. 

At the consensus meeting, Beahrs presented his work- 
ing group s analysis of the BCDDP data [3]. Up to June 
30, 1976, a total of 445,048 screening examinations had 
uncovered 1,810 breast cancers among those who had 
an initial examination and up to three subsequent annual 
rescreenings. The evidence from the BCDDP is that 
physical examination and mammography combined is 
an effective procedure in detecting early disease among 
women under 50 years of age as well as those over 50. 

Over one-third of the total cancers discovered were 
minimal (i.e., less than 1 cm), and at least 70% had no 
nodal involvement. This is regarded as promising in 
view of the evidence from many clinical sources that the 
treatment of early disease leads on the average to better 
survival. 

These minimal cancers were a special concern of the 
Beahrs group. Mammography detected 95% and physi- 
cal examination 3396 of a total of 592 minimal cancers. 
Four pathologists in the Beahrs working group reviewed 
506 of these, and from their findings it is clear that there 
were numerous difficulties in pathologic interpretation. 
The review of these 506 lesions originally classified as 
malignant resulted in 66 (1396) being reclassified as 
benign and a further 22 (4%) as borderline or uncertain. 
(These findings may be modified following a further 
review of pathology material.) 

It should be noted that the BCDDP is not involved in 
decisions concerning treatment or determining the man- 
agement of carcinomas discovered in the project. 
Rather, patients who have lesions discovered are re- 
ferred to their personal physicians for follow-up and 
treatment. However, 58 of the 66 women were subse- 
quently treated by some form of breast surgery, 27 of 
them by a radical procedure. Of the 22 cases reclassified 
as borderline, 20 were also treated with breast surgery. 

The Beahrs group also recommended that clinical 





trials be conducted on questions which remain unan- 
swered from the BCDDP Program (e.g., benefit-risk ratio 
and the magnitude of the benefit from mammography, 
effect of increasing the interval between screening, etc.). 

Directors of many of the centers involved in the 
BCDDP, professionals directly or indirectly involved in 
breast cancer diagnosis and management, and individ- 
ual members of the public made statements to the panel. 
Prior to the meeting a total of 280 letters had been sent 
from NIH inviting statements from public interest groups, 
private interest groups, and concerned professionals. 
Speakers included strong critics as well as proponents 
of the BCDDP. Attendance at the six sessions of the 
meeting averaged some 350, and many members of the 
audience participated in the discussion periods follow- 
ing the individual presentations. 

After hearing the many presentations and discussions, 
the panel proceeded to carry out its assigned role: to 
determine what degree of consensus might be achieved 
in its responses to a series of questions which had 
formed its initial charge. 

1. Is there evidence that early detection of breast 
cancer reduces mortality from breast cancer? Which of 
the available screening modalities or combination of 
modalities is most effective in early detection? 

2. What are the risks of each of the available screening 
modalities for early detection of breast cancer? 

3. Do the potential risks versus benefits differ for 
different modalities of breast cancer detection and at 
different ages of patients screened? 

4. If itis not possible to answer any or all of questions 
1-3, what data need to be generated to provide adequate 
answers? 

5. What are the practical and ethical considerations 
for implementing demonstration projects in cancer de- 
tection and how does the BCDDP comply with these 
considerations? 

6. What can the consensus panel recommend as to 
the type and frequency of breast cancer screening and 
who should provide this screening? 

As a preliminary step the panel divided itself into three 
subgroups to discuss and develop recommendations 
on: (1) the benefits; (2) the risks; and (3) the ethics 
involved in screening in general and as used in the 
BCDDP in particular. The panel then reconvened to 
deliberate as a body. 

It should be noted that throughout these deliberations 
the panel repeatedly emphasized the distinction between 
mammography used for diagnosis—the value of which 
was not in question —and mammographic screening to 
detect possible disease in women without symptoms or 
other physical findings. 


Recommendations 


The panel came to the following conclusions and 
recommendations: 

e Based on the available evidence, with the under- 
standing that no new participants are being added to 
the program and that limits be set on radiation dosage, 
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BCDDP screening using mammography and physical 
examination in combination should continue to be avail- 
able on request to women 50 years of age or older. But 
there is no basis for such routine screening for women 
under the age of 50. (This does not mean, however, that 
these women could not benefit from physical examina- 
tion for breast cancer, and breast self-examination.) 

e Mammography for women aged 40-49 years in the 
BCDDP should be restricted to women having a personal 
history of breast cancer, or whose mothers or sisters 
have a history of breast cancer. 

e Mammographic screening of women aged 35-39 
years should be limited to those women having a per- 
sonal history of breast cancer. 

e Because of ethical considerations, women under 50 
who are already participating in the BCDDP should not 
be denied the opportunity to continue having mammo- 
grams if they wish —so long as they are informed that 
there is no proven benefit and there is presumed risk, 
and they are told that the panel does not recommend 
mammography for them. 

e The only sound scientific evidence to demonstrate 
the value of breast cancer screening comes from the 
HIP study. The evidence indicates that the benefits of 
the screening program rest in the use of physical ex- 
amination and mammography, in combination. There 
are no rigorous scientific data to show to what extent 
either physical examination alone or mammography 
alone is beneficial. 

e Mammographic techniques have improved markedly 
in recent years with smaller, and presumably earlier, 
lesions now being detected; moreover radiation dosage 
has been decreased significantly. Nonetheless, there are 
no data to indicate that these advances result in de- 
creased mortality in women under age 50. 

e Neither physical examination nor techniques such 
as thermography or ultrasound are known to harbor any 
risks. The use of mammography, however, is associated 
with an inherent risk of radiation exposure, and studies 
indicate that breast tissue is particularly sensitive to 
radiation. The precise risk is difficult to quantify, but 
current theory holds that the risk increases with increas- 
ing dose and decreases with age. 

Evidence has been accumulated from survivors of the 
atomic bomb radiation in Japan; from women exposed 
to multiple fluoroscopic examinations during treatment 
for tuberculosis; and in women treated with x-rays for 
postpartum mastitis, that there is a linear, nonthreshold 
relationship between the dose of radiation to which 
these women were exposed and the subsequent devel- 
opment of breast cancer. 

At the present time the average radiation dose per 
mammogram in the BCDDP centers is less than 1 rad. It 
is estimated that each rad raises a woman's risk of 
breast cancer by about 1%. Thus if a woman in the 
general population has about a 7% chance of developing 
breast cancer in her lifetime, 1 rad will increase this risk 
by 1% of 7% (i.e., from 7% to 7.07% [1]). The cumulative 
dose that would result from a series of five mammograms 





in the BCDDP is about 4 rad with the newer techniques. 
This increased risk of breast cancer is so small that it 
could probably never be demonstrated in long term 
follow-up studies of the BCDDP group. 

e Clearly new diagnostic and screening procedures 
are needed. Therefore, there should be a renewed em- 
phasis on research on noninvasive techniques such as 
thermography, ultrasound, and biologic markers. How- 
ever, because the potential benefits of thermography 
remain undocumented, this modality should be discon- 
tinued as a routine part of the BCDDP screening, al- 
though it should be retained by those centers doing it as 
a research endeavor. 

e There is a lack of clear-cut data on the risk-to-benefit 
ratio of screening for women under 50. Although there 
was agreement on a need to define this risk-to-benefit 
ratio, no consensus could be reached on precisely what 
kinds of further studies should be undertaken. It was 
suggested that the question of the design of new studies 
warranted more discussion. 

e The BCDDP should continue to follow all women in 
whom breast cancer has been diagnosed. The panel felt 
that some form of follow-up of all BCDDP screenees 
was desirable, but there was no agreement on the 
method by which these women should be followed. 

e Demonstration programs, by definition, utilize 
proven and practical methods. Mammography had not 
been validated as a screening procedure for women 
under 50 years old prior to the inception of the BCDDP, 
hence the projects have included research elements. 
Any experimental study should have taken into consid- 
eration its justification from a risk-benefit viewpoint, the 
informed consent process, the way in which subjects 
are selected. Thus the BCDDP must come to grips with 
several important ethical concerns. The BCDDP in- 
formed consent form should indicate the radiation dos- 
age delivered to the patient and assure her that all 
information gained through the program will be dis- 
closed to her and to her physician. This informed con- 
sent form and appropriate background materials should 
be provided to a prospective screenee beforehand in 
sufficient time to enable the woman to discuss the 
proposed procedure with her family and her physician. 
Guidelines should be developed for compensating indi- 
vidual participants who sustain injury during the course 
of study. Furthermore, there should be greater partici- 
pation of women, both professional and consumer rep- 
resentatives, in the design and interpretation of any 
such studies. 

e The histology of any lesion smaller than 1 cm in 
diameter, or any papillary or intraductal proliferation 
originally interpreted as malignant, should be reviewed 
by two consultant pathologists prior to definitive therapy. 
Screenees should be notified if their diagnosis is 
changed following pathologic review. The recommen- 
dations regarding pathology should also be included in 
the informed consent form. 

The panel recommendations have been conveyed to 
the NCI for consideration and possible implementation. 


That institute is already engaged in 


logic diagnoses of the minimal cancers with a view 
toward prompt notification of women in whom the diag- 


nosis had been changed. 
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Letters 


C1-C2 Puncture Grid 


For some time now, | have been irritated to read, under the 
euphemism of Technical Notes, accounts of what can only be 
described as common and accepted practice. Undoubtedly, 
this is propagated by the "publish or perish” brigade. | take 
particular exception when | read regurgitated and disinterred 
material as in the August 1977 issue. | refer to the note entitled 
"An Aid to C1-C2 Percutaneous Puncture” [1]. In May 1958, an 
article in the British Journal of Radiology by Eric Batley [2] 
described the grid which the authors of the article in your 
journal claimed to have developed. 

H. F. W. Pribram 
Veterans Administration Hospital 
Long Beach, California 90822 
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Reply 


My search of the myelography literature prior to publication 
of the C1-C2 puncture grid failed to uncover Batley's article on 
vertebral angiography, and | assume reviewers of the note were 
also unaware of his work. Learning of it now, | am glad to 
acknowledge his use of a device employing a similar localizing 
grid. | hope he will be pleased that part of his now obsolete 
apparatus has found another use. The number of requests I 
have received for reprints indicates an enthusiastic interest in 
the new technique. | appreciate being informed of Eric Batley's 
contribution. 

M. M. McDaniel 
University of California, Irvine Medical Center 
Orange, California 92668 


Gallstone Fissures 


In my article concerning the radiologic plain film identifica- 
tion of stellate fissuring within gallstones [1], correct credit was 
not given to Bela Breuer for having been the first to document 
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this finding radiographically in vivo [2]. The phenomenon of 
central fissuring had long been recognized in certain gallstones . 
removed at surgery or autopsy, and K. H. Bauer [3], in studying 
autofragmentation of gallstones, outlined the lines of force in 
pyramidal and cube-shaped stones which determine the planes 
along which splitting occurs. However, it was not until Breuer's 
report in 1931 that attention was called to this diagnostic 
radiographic sign. His article reported a case showing the plain 
film finding of 8-10 mm linear lucencies in at least six non- 
opaque gallstones; at surgery, 26 stones of hazelnut and smaller 
sizes were found. 
Morton A. Meyers 
New York Hospital-Cornell Medical Center 
New York, New York 10021 
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Breast Cancer Screening 


Regarding my article on the breast cancer screening contro- 
versy [1], | have been informed by S. Shapiro of two corrections 
to the data he previously supplied me from the Health Insurance 
Plan (HIP) study. In table 1, the 7 year case fatality rate for the 
age group 50-59 uncorrected should be 17% instead of 24%. 
This would make the corrected case fatality rate approximately 
21%. These data do not include corrections for 1 year lead 
time, despite my previous understanding to the contrary. 

Myron Moskowitz 
University of Cincinnati Medical Center 
Cincinnati, Ohio 45267 
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Abstracts of Current Literature 


Chest 


Benign developmental cysts of the mediastinum. Salyer DC, 
Salyer WR, Eggleston JC (Department of Pathology, University 
of California Medical Center, San Francisco, California 94122). 
Arch Pathol Lab Med 101:136-139, March 1977 


The clinical and pathological features of benign develop- 
mental cysts of the mediastinum are discussed. These cysts 
may be recognized clinically because of symptoms due to 
compression of thoracic structures or, if asymptomatic, on 
routine chest films. The cysts are often diagnosed preopera- 
tively as tumors; but following removal and microscopic exami- 
nation can be classified as bronchogenic, esophageal, gas- 
troenteric, or pericardial. Distinction between bronchogenic 
and esophageal cysts may be difficult because of their similar 
anatomic location and occasionally similar lining epithelium; 
however the presence of two layers of muscle or bronchial 
glands and cartilage permits separation into esophageal and 
bronchial derivation respectively. Gastroenteric cysts are rare, 
are located in the retrocardiac position in the posterior medias- 
tinum, are often associated with vertebral malformations, and 
are lined by intestinal epithelium. These cysts, unlike the bron- 
chogenic, esophageal and pericardial, are often symptomatic 
as the lining epithelium secretes an acid fluid, and ulceration 
and rupture of the cyst wall have been reported. Pericardial 
cysts are usually found in the thin-walled unilocular and contain 
clear fluid. All of the cysts, regardless of derivation, were easily 
removed at surgery and there were no known postoperative 
complications. 


Louise Wiegenstein 


Silicosis in slate pencil workers—a clinicoradiologic study. 
Jain SM, Sepaha GC, Khare KC, Dubey VS (27 Bairathi Colony 
1, Indore, M.P., India 452004). Chest 71:423-426, March 1977 


Radiographic evidence of silicosis was found in 57% of 151 
persons working in the slate pencil manufacturing industry in 
Mandsaur, India. A silica content of 68.83% was found in the 
Binota shale. Heavy dust exposure was created in the cutting 
and sharpening portions of the process of pencil production. 
The industry, due to its small scale, is relatively devoid of 
protective and preventive measures. 

The majority of the workers were male and below 30 years of 
age. Seventy-eight percent had clinical symptoms referrable to 
the chest with productive cough (75%) and exertional dyspnea 
(46%) most common. There was a linear correlation between 
length of exposure and incidence of symptoms with no symp- 
toms in workers of less than 1 year and symptoms in all with 
exposures of 15 years. Eighty-six percent with radiographic 
evidence of silicosis had symptoms; however 65% with normal 
chest x-rays also had symptoms. 

Radiographic evidence of silicosis was found in 57% of those 
studied. Small round opacities (seen in 55 patients) were the 
most prevalent radiographic abnormality. Small irregular opac- 
ities were noted in 3596 and large opacities in 2096. As with 
symptoms, the incidence and severity of the radiographic sili- 
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cosis was found to be directly proportional to the length of 
exposure. 


William D. Boswell, Jr. 


Bronchial adenoma-a clinicopathologic study. Marks C, 
Marks M (Louisiana State University School of Medicine, New 
Orleans, Louisiana 70112). Chest 71:376-389, March 1977 


Case records of 28 patients with bronchial adenomas are 
reviewed. They represented 0.6% of the primary lung tumors 
seen over a 25 year period. Histopathologically, 24 were of the 
carcinoid type, three of the cylindroid type, and one with a 
mucoepidermoid tumor. Females predominated 15 to 13 with 
the average age for females being less than for males (45 years 
vs. 54 years). Bronchial adenomas occurred more often in the 
right tracheobronchial tree (19) than the left (nine). 

The obstruction of a bronchus by the tumor resulted in the 
clinical findings of distal infection, bronchiectasis, or develop- 
ment of lung abscess. The tumor was noted incidentally on 
routine chest x-ray in eight asymptomatic patients. Besides a 
well defined tumor mass, other radiographic findings included 
poorly defined areas of infiltrate, atelectasis, and pulmonary 
abscess. 

In the 25 year experience, only two deaths occurred that 
were related to metastatic malignant carcinoids. Three patients, 
who refused surgery, have been followed radiographically for 
15 years without notable progression. Thirteen additional pa- 
tients have survived for a period of 10 years or more. 


William D. Boswell, Jr. 


Cardiovascular 


Cross-sectional echocardiography in the diagnosis of congen- 
ital heart disease. Identification of the relation of the ventri- 
cles and great arteries. Henry WL, Maron BJ, Griffith JM 
(Cardiology Branch, NHLBI, Building 10, Room 7B-15, Be- 
thesda, Maryland). Circulation 56:267-273, August 1977 


Two dimensional echocardiograms were performed utilizing 
a mechanical sector-scanner on 28 normal subjects (4 months- 
49 years of age), 15 patients with tetralogy of Fallot, (4-22 
years), 11 patients with complete transposition of the great 
arteries (2-18 years), and six patients with double outlet right 
ventricle (2-19 years). The image obtained perpendicular to the 
long axis of the left ventricle at the base of the ventricular 
septum in end diastole was superimposed on the image ob- 
tained perpendicular to the long axis at the origin of the great 
arteries in end diastole. In all 28 normal subjects, the center of 
the aorta visualized in cross section was located posterior and 
to the left of the ventricular septum. 

Satisfactory images were obtained in 13 of 15 patients with 
tetralogy of Fallot. In these patients the aorta was displaced 
anterior and to the right resulting in the aorta overriding the 
ventricular septum. In five of six patients with double outlet 
right ventricle and satisfactory images, both great arteries 
originated anterior to the ventricular septum from the right 
ventricle. In patients with complete transposition, the aorta 
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originated anterior and pulmonary artery posterior to the ven- 
tricular septum. The authors conclude that cross-sectional 
echocardiography permits noninvasive identification of the re- 
lation of the ventricles and great arteries providing important 
information for the diagnosis of patients with congenital heart 
disease. 


Richard B. Jaffe 


The use of intra-arterial lidocaine to control pain due to 
aortofemoral arteriography. Widrich WC, Singer RJ, Robbins 
AH (Veterans Administration Hospital, Boston, Massachusetts). 
Radiology 124:37-41, July 1977 


A double blind-study was undertaken in 25 patients undergo- 
ing aortofemoral arteriography for possible vascular recon- 
struction. All had arteriosclerotic occlusive disease. Patients 
were divided into two groups: one of 15 and the other, 10. All 
received premedication of 100 mg of Nembutal and 75 mg of 
Demerol intramuscularly 1 hr before study. In the first group 
the effects of 2% lidocaine prior to contrast injection were 
compared with saline. In the second group, 2% lidocaine was 
compared with 1% lidocaine. Amounts used were: (1) abdomi- 
nal aortogram, 25-50 ml of contrast material without the use of 
lidocaine or saline; (2) pelvic arteriogram, 30 ml of contrast 
material and 2 ml of lidocaine or saline; (3) thigh arteriogram, 
30 ml of contrast material and 2 ml of lidocaine or saline; (4) 
knee arteriogram, 50 ml with 4 ml; and (5) ankle arteriogram, 
50 ml with 4 ml. 

The dose of lidocaine was between 480-600 mg and was 
administered over a period of 60-75 min. Plasma levels of 
lidocaine measured ranged from 2.4-4.6. 

Results showed a marked difference in alleviating pain when 
comparing 2% lidocaine to saline. Comparison of 2% and 1% 
lidocaine was not as significant but still showed improved 
analgesia with 2%. Known toxic plasma levels of lidocaine 
ranged between 4.8-5.8 and hence measured values were far 
below a maximum allowable dose. The authors conclude that 
this technique is not only humane and effective in alleviating 
pain but also allows for larger boluses of contrast material to 
be used with better opacification achieved. 


Asher Nov 


Angiography of the testicular artery. Il. Cryptorchism and 
testicular agenesis. Nordmark L, Bjersing L, Domellof K, Ny- 
berg G (University of Umea, S-901 85 Umea, Sweden). Acta 
Radiol [Diagn](Stockh) 18: 167-176, March 1977 


Selective angiography of the testicular arteries was per- 
formed on 14 patients, seven boys and seven men with an age 
range of 8-55 years, for evaluation and discrimination between 
unilateral testicular agenesis and cryptorchism. Angiography 
was successful in all cases. Four patients had cryptorchism. 
The testis was noted to be slightly smaller than normal and its 
position was established with sufficient accuracy for surgical 
purposes in all cases. In the 10 other patients, the angiographic 
appearances were considered to indicate testicular agenesis 
or, in one case, advanced atrophy. Eight of these patients were 
surgically explored and testicular agenesis was confirmed. The 
anatomy of the testicular arteries is discussed and referenced. 
The principal angiographic finding in testicular agenesis is a 
slightly smaller than normal testicular artery with direct terminal 
communication with a vein in the region of the inguinal liga- 
ment. In cryptorchism a clearly definable testis is identified. 


J. D. Harley 





Natural history of ventricular septal defect. A study involving 
790 cases. Corone P, Doyon F, Gaudeau S, Guerin F, Vernint 
P, Ducam H, Rumeau-Rouquette C, Gaudeul P (Pitie-Salpé- 
triere, 83 Boulevard de L'Hopital, 75634 Paris Cedex 13. 
France). Circulation 55:908-915, June 1977 


“In our opinion, the great majority of patients with VSDs who 
live beyond 1 year of age will not need operations.’ Only large 
shunts with pulmonary hypertension, and those with recent 
aortic regurgitation require surgery. The development of 790 
patients affected by ventricular septal defect has been the 
subject of a 25 year study. Surgery had been performed in 
28%. A relatively older population was followed. The majority 
were more than 4 years old when they entered the study. Most 
shunts remained stable. Twenty-one percent showed evolution 
toward a closure; 14% closed completely. While smaller ventric- 
ular septal defects were more likely to close, larger ones also 
closed. 

Seven cases seemed to evolve toward an increase of pulmo- 
nary vascular resistance, five of them ultimately developing the 
Eisenmenger syndrome. In each the pulmonary pressure was at 
least 70% of systemic at first catheterization. 

Aortic regurgitation was found in 50 cases. The cause was 
thought to be bacterial endocarditis in five cases, rheumatic or 
scarlet fever in four cases, and prolapse of the right anterior 
aortic valve in 38 cases. Of these 38, aortic regurgitation was 
present at the first examination in 35. 

Bacterial endocarditis complicated 29 cases. Dental portal of 
entry was, by far, the most frequent. Congestive heart failure 
affected 84 cases. Although usually peculiar to infants, heart 
failure was observed in 45 cases 1-39 years old, usually second- 
ary to aortic regurgitation, bacterial endocarditis, or both. 
Beyond the age of 40, five of 26 patients had heart failure. 
Twenty deaths were related to cardiac events. Aortic insuffi- 
ciency, bacterial endocarditis, or cerebral abscess occurred in 
one half these fatalities. 


Robert Frech 


Aneurysm of the superior hemorrhoidal artery: an unusual 
cause of massive rectal bleeding. Pond GO, Ovitt TW, Witte 
CL, Farrell K (University of Arizona College of Medicine, Tucson, 
Arizona). J Can Assoc Radiol 28:146-147, June 1977 


The authors report a case of massive rectal bleeding in an 
elderly patient who had a previously normal sigmoidoscopic 
examination and in whom a bleeding aneurysm of the superior 
hemorrhoidal artery was subsequently demonstrated. On the 
basis of their experience, they indicate that the rectal region 
should be evaluated carefully in all patients with otherwise 
unexplained massive gastrointestinal hemorrhage. 


Jack M. Tishler 


The clinical investigation of esophageal arteriography in 
esophageal cancer — with special reference to proper esoph- 
ageal arteriography. Tanohata S (Kagoshima University, Kago- 
shima, Japan). Nippon Acta Radiol 37 : 103-124, Feb 1977 


Esophageal arteriography was performed on 91 cases of 
esophageal cancer. These consisted of 34 esophageal, 31 
bronchial, nine inferior thyroid, and 26 celiac arteriograms. 
Esophageal arteries arose most frequently from the left anterior 
portion of thoracic aorta at the level of T; , and T. s intervertebral 
spaces. Tumor vessels were observed in 56 cases and esopha- 
geal arteriograms were more informative than the other arterio- 
grams. 
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Esophageal arteriograms were compared with esophageal 
barium studies and retrograde azygograms. Esophageal arterio- 
grams were valuable to estimate the extent of carcinoma, but 
these three examinations were complementary. In addition to 
esophageal arteriography, one dose Bleomycin injection via 
the esophageal artery was performed in six cases and seemed 
to show clinical and histologic effect. 


Hozumi Arii 


The use of prostaglandin F2 alpha in selective visceral angiog- 
raphy. Legg DA (Mater Misericordiae Hospital, Dublin, Ireland). 
Br J Radiol 50:251-255, April 1977 


Intraarterial prostaglandin F2 Alpha was used in 33 superior 
mesenteric angiograms and 10 splenic arteriograms, at dosages 
of 80 and 60 micrograms respectively. In each instance im- 
proved anatomic detail was obtained after injection of the 
prostaglandin. Unlike other vasodilating drugs the use of pros- 
taglandin improved the arterial as well as the venous phase of 
each study. There was a measurable increase in the diameter 
of the large and small arteries and veins following injection, 
denser opacification of the large veins, and more small vessel 
detail seen. Improved opacification of the body and tail of the 
pancreas in the evaluation of possible pancreatic disease, 
improved major vein demonstration in the evaluation of carci- 
noma of the pancreas and improved collateral venous demon- 
stration in portal hypertension were particularly noted. No 
systemic hemodynamic changes or significant side effects were 
observed after injecting this drug and it appears that prostaglan- 
din F2 Alpha is an ideal choice as a pharmacological aid in 
visceral angiography. 


T. Noel K. Allan 


Phlebographic appearances of the left renal and left testicular 
vein. Lien HH, Kolbenstvedt A (Norwegian Radium Hospital, 
Oslo, Norway). Acta Radiol [Diagn](Stockh) 18:321-332, May 
1977 


A detailed study of the roentgen anatomy of the left renal 
vein and left testicular vein is presented based on 100 consecu- 
tive normal examinations. The complex embryology of these 
structures is discussed. A number of anomalies were discovered 
and are illustrated and their frequency is compared to autopsy 
material. 

Among the common anomalies were: circumaortic and re- 
troaortic left renal veins (10 and two cases respectively). Knowl- 
edge of these variations may be important to the angiographer 
during renal and adrenal vein sampling and venography and 
may prevent erroneous interpretation of flow defects produced 
by these veins at cavography. 


J. D. Harley 


Gastrointestinal 


The concentration maximum concept in intravenous cholan- 
giography. Behan M, Mok H, Bell CD,Whitney BP (Hammer- 
smith Hospital, Du Cane Road, London W12, England), Br J 
Radiol 50:551-554, Aug 1977 


The excretion of ioglycamate in the bile of the rhesus monkey 
was measured at 5% and at 100% bile diversion following an 
intravenous bolus injection of ioglycamate. At 10096 diversion 
the bile volume was reduced and the concentration of ioglyca- 
mate was increased, but the quantity excreted was unchanged. 
A similar study using iodipamide reported previously gave the 





same result. When the ioglycamate was given by intravenous 
infusion, the effect of 10096 bile diversion was quite different. 
The concentration of ioglycamate in the bile was unchanged by 
the bile diversion but the excretion was reduced. These results 
indicate that the transport maximum for the excretion of iogly- 
camate in bile is not a constant and is reduced by interruption 
of the enterohepatic circulation of bile salts. The maximum 
concentration of ioglycamate in bile was constant and was 
independent of the reduction in bile salt output produced by 
100% bile diversion. Following a single bolus injection, how- 
ever, the reduction in bile flow produced by 100% bile diversion 
increased the biliary concentration of ioglycamate. These re- 
sults suggest that the excretion of ioglycamate is limited by a 
maximum concentration rather than a transport maximum. The 
maximum rate of transport is dependent on two factors —the 
maximum concentration of ioglycamate in the bile and the rate 
of bile flow. The maximum concentration is achieved by an 
infusion technique and not by a single bolus injection and this 
supports the view that an infusion technique should be used 
for intravenous cholangiography. 


Author Abstract 


Familial polyposis. Marshak RH, Linder AE, Maklansky D (1075 
Park Avenue, New York, New York 10028). Am J Gastroenterol 
67 :177-189, 1977 


Familial polyposis is a rare disorder with an incidence of one 
in 8,000 in the general population. The histologic examination, 
genetic findings, clinical course, relationship to cancer of the 
colon, and need for surgical intervention are discussed. Radio- 
graphic findings may be subtle and the detection of polyps may 
be elusive especially in early cases. Most commonly the entire 
colon is involved, occasionally the distribution is segmental 
with the left side more commonly involved than the right. The 
findings of multiple large polyps should suggest that tiny polyps 
are also present. Confluence of large polyps can present a 
bizarre appearance simulating lymphosarcoma. Differential di- 
agnosis from the radiographic point of view includes ulcerative 
colitis with inflammatory polyps, lymphosarcoma, granuloma- 
tous colitis, pneumatosis coli, nodular lymphoid hyperplasia, 
Peutz-Jeghers syndrome, and schistosomiasis. 


Jerold Kurzban 


A 20-year prospective follow-up of childhood hiatal hernia. 
Astley R, Carré IJ, Langmead-Smith R (Children's Hospital, 
Birmingham, England). Br J Radiol 50:400-403, June 1977 


A long-term prospective follow-up of 113 children with vom- 
iting due to a small hiatal hernia is described. When reviewed 
by the same clinical and radiologic observers 20 or more years 
later, over 90% of unoperated nonstricture patients were asymp- 
tomatic whereas only 44% of the stricture and/or surgically 
treated group were without symptoms. 

Half or possibly more of the asymptomatic patients still had a 
hernia and it is possible that these may suffer a recurrence of 
symptoms later in adult life. The loculus of thoracic stomach 
tended to retain the same shape; there was a slightly better 
prognosis for the locular type of hernia compared with the 
tubular type. 

Complicating esophageal strictures can decrease or disap- 
pear without surgery other than dilatation; the results of treat- 
ment by radical surgery were disappointing. There is need for 
an even more prolonged follow-up into later adult life. 


Author Abstract 
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The use of abdominal contrast tomography in liver disease. 
Dalla Palma L, Bacarini L, Bazzocchi M, Di Pietrantonio M 
(Istituto di Radiologia dell'Università di Trieste, Trieste, Italy). 
Br J Radiol 50:483-488, July 1977 


The value of a high dose infusion technique using urographic 
contrast medium followed by tomography was studied in 44 
patients with liver disease. The method was found to be of 
value in showing cysts, abscesses, and cystic disease of the 
liver. Large tumors, primary and secondary, can also be dem- 
onstrated. Normal bile ducts are not visible, but become appar- 
ent when they are dilated. 


Author Abstract 


Musculoskeletal 


Direct radiographic magnification for skeletal radiology. Gen- 
ant HK, Doi K, Mall JC, Sickles EA (University of California, San 
Francisco, California). Radiology 123:47-55, April 1977 


An electron gun microfocal tube combined with new high- 
resolution recording systems were used and compared with 
conventional contact radiography. Both quantitative and quali- 
tative evaluation were performed. Of 215 examinations magnifi- 
cation was found not helpful in 30%, helpful in 56%, and 
essential in 14%. Application was found useful in evaluation of 
arthritic, metabolic, and infectious disorders. In evaluating neo- 
plasms, only in 50% was it found helpful, and essential in 10%. 


Asher Nov 


Positive and negative contrast myelography in spinal trauma. 
Pay NT, George AE, Benjamin V, Bergeron T, Lin JP, Kircheff II 
(Desert Hospital, Palm Springs, California 92262). Radiology 
123:103-111, April 1977 


Sixty patients with spinal cord trauma were studied, 36 
patients with cervical spine injuries and 24 with thoracolumbar 
injury. Studies included plain films done in the supine position. 
If questions of fracture or dislocation were raised, tomograms 
were obtained. Before proceeding, these factors were assessed: 
(1) presence or absence of radiologically demonstrable deform- 
ity of the bony spinal canal; (2) relative diagnostic merits of air 
and Pantopaque; (3) evidence that placing the patient in the 
prone position may compromise the spinal cord by producing 
or worsening bony displacements. 

Cervical positive contrast myelogram was done by lateral Cl- 
2 puncture with patients in the supine position. Ten to 12 ml 
were injected. Cervical air myelograms were performed either 
via Cl-2 puncture or by a two needle technique with air instilla- 
tion from below and cerebrospinal fluid removal from above. 
This was done with the patient in either supine or decubitus 
position. Thoracic and thoracolumbar positive contrast myelog- 
raphy was performed from below in the usual fashion. The 
patient was maintained in the decubitus position for the prelim- 
inary evaluation. 

Patients were divided into two groups, those with bony 
deformity and those without. 

The authors concluded that Pantopaque can define the pres- 
ence of a block in cervical and thoracic trauma with bony 
deformity, in cervical trauma without bony deformity in the 
prone position, in thoracic spinal cord injury in frontal projec- 
tion, in lumbar spine injuries. 

Air should be utilized in: cervical trauma without bony de- 
formity; thoracic spinal cord injury in lateral projection; cervical 
spine injury without bony deformity or block to delineate ante- 





rior subarachnoid space and anterior cord margin; and to 
demonstrate cord atrophy in chronic trauma. 


Asher Nov 


The widened interspinous distance: a useful sign of anterior 
cervical dislocation in the supine frontal projection. Naidich 
JB, Naidich TP, Garfein C, Liebeskind AL, Hyman RA (North 
Shore University Hospital, 300 Community Drive, Manhasset, 
New York 11030). Radiology 123:113-116, April 1977 


Anterior dislocation of the cervical spine may be detected 
reliably in the supine frontal projection by evaluating the cervi- 
cal spinous processes. A widened interspinous distance which 
measures more than one and one-half times the interspinous 
distance above and below indicates an anterior cervical dislo- 
cation at the level of abnormal widening. Measurements of the 
interspinous distances from the C3-C4 interval through the C7- 
T1 interval in 500 patients with normal cervical spines and in 14 
patients with documented anterior cervical dislocations re- 
vealed neither false positive nor false negative diagnoses by 
these criteria. 


Author Abstract 


Computed tomography of the lower lumbar vertebral column. 
Sheldon JJ, Sersland T, Leborgne J (Mount Sinai Medical 
Center, Miami Beach, Florida 33140). Radiology 124:113-118, 
July 1977 


Entrapment and compression of nerve root and cauda equina 
can be caused by hypertrophy of the bony structures and lack 
of alignment of different vertebral bodies. Scoliosis, pseudo- 
spondylolisthesis, and spondylolisthesis may be demonstrated 
by plain radiographs. Encroachment due to bone hypertrophy 
of the superior and inferior facets of adjacent lamina is often 
not detectable by plain radiographs and tomography. Advanced 
stages may be demonstrated by myelography showing posterior 
or posterolateral extradural defects. The authors present a 
normal CT scan anatomy of the lumbosacral spine, as well as 
abnormal findings as seen in postfusion stenosis, pseudospon- 
dylolisthesis, and degenerative stenosis. 


Asher Nov 


Non-linear bone loss in oophorectomized women. Horsman A, 
Simpson M, Kirby PA, Nordin BEC (Mineral Metabolism Unit, 
Leeds General Infirmary, Leeds 1 England). Br J Radiol 50:504- 
507, July 1977 


Sequential bone loss in 37 women with bilateral oophorec- 
tomy was monitored by radiographic morphometry. The 
changes in mean width of the cortices of the second, third, and 
fourth metacarpals of both hands were determined using a 
semiautomated computer-controlled morphometer. It was 
found that a significantly greater rate of decrease of mean cor- 
tical width occurred in those women first observed within 3 
years of the artificial menopause than in the other members of 
the group. 


Author Abstract 


A true lateral view of the patella. (A modification of the 
standard lateral projection). A new radiologic approach to the 
examination of the femoral-patellar joint. Maldague B, Mal- 
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chem J (Clinique Universitaire Saint-Luc, 10 Avenue Hippocrate, 
B. 1200 Bruxelles, Belgium). Ann Radiol 19:573-581, 1976 


There are two articular facets on the posterior surface of the 
patella. A lateral facet, the larger, articulates with the lateral 
femoral condyle, and a medial, smaller facet, articulates with 
the medial femoral condyle. The facets are not in the same 
plane, but at an angle facing the condyle with which each 
articulates. They are separated by a small ridge, thus the 
posterior aspect of the patella is not a flat surface. Thus the 
standard lateral projection does not give a true view of the 
posterior aspect of the patella. A radiograph in this projection 
fails to give accurate detail of each facet. 

The technique used by the authors provides a true lateral 
view of each facet, the corresponding femoral-patellar articula- 
tion, and the intervening patellar cartilage. This technique is 
used both in plain film radiography and in arthrography. It 
provides accurate detail of the normal appearance as well as of 
the abnormal changes which involve the bony structure and 
the intervening cartilage. The examination can be performed 
with the knee in any position, as long as the central beam 
enters the joint parallel to the surface of the facet. A slight 
external rotation is necessary for examination of the lateral 
facet, and a more pronounced internal rotation is needed for 
examination of the medial facet. Radiographs of each facet are 
made with the knee in four successive positions — full extension, 
flexion at 30^, 60°, and 90° respectively. 

Flaws in the structure of the cartilage, chondromalacia, 
thinning of the cartilage, as well as early changes in the bony 
structure can be readily demonstrated with this technique and 
would not be detected on routine standard lateral projections 
of the knee. 

This report is based on a study of 300 examinations on 
patients with clinical symptoms referable to the knee. The 
authors recommend that this technique become part of the 
routine radiographic examination of the knee. 


William H. Shehadi 


Malignant diseases in the jaw-—review article. Baker CG, 
Tishler JM: (Health Sciences Center, Winnipeg, Manitoba, Can- 
ada). J Can Assoc Radiol 28:129- 141, June 1977 


The authors review the spectrum of malignant jaw neoplasia 
and attempt to provide a framework of interpretive criteria for 
establishing a radiographic diagnosis of malignancy. The spe- 
cific radiographic changes of jaw malignancy arising in epithe- 
lial, cartilagenous, fibroblastic, mesenchymal, hemapoietic, 
and neural tissue as well as metastatic lesions are also de- 
scribed in detail. 


Jack M. Tishler 


Double contrast knee arthrography in children. Dalinka MK, 
Brennan RE, Canino C (Thomas Jefferson University Hospital, 
Philadelphia, Pennsylvania 19107). Clin Orthop 125:88-93, June 
1977 


The authors report their experience with 250 pediatric double 
contrast knee arthrograms. The authors used 1-4 cc of Reno- 
grafin, depending on the size of the child and sufficient carbon 
dioxide to distend the suprapatellar bursa. Their findings in- 
clude a peripheral tear of the medial meniscus in a 9-year-old; 
three discoid menisci; seven cases of osteochondritis disse- 
cans; and nine patients with tibia vara. Neither of two patients 
with popliteal cysts had intraarticular lesions. This article is 


valuable mainly for its illustrations of some common and un- 
common arthrographic abnormalities in children. 


Frederick A. Matsen III 
Orthopedics, University of Washington 


Chronic sclerosing osteomyelitis of the mandible — radiologic 
differential diagnosis from fibrous dysplasia. Johannsen A 
(Municipal Hospital, DK — 8000 Aarhus, Denmark). Acta Radio! 
[Diagn](Stockh) 18:360-367, May 1977 


Fibroosseous dysplasia and chronic osteomyelitis of the 
mandible may resemble each other so closely, especially in the 
clinical manifestations but sometimes radiologically and histo- 
logically as well, that considerable difficulty may be encoun- 
tered with the differential diagnosis. Thirteen patients with 
chronic osteomyelitis of the mandible were studied and con- 
trasted with five patients with a diagnosis of mandibular fibrous 
dysplasia. All the osteomyelitis patients had microscopic confir- 
mation of diagnosis. Clinically chronic mandibular osteomyelitis 
and certain patients with fibrous dysplasia may have a similar 
picture with periodic swelling, pain, and temperature elevation. 

Radiologically, the appearance of fibrous dysplasia is variable 
with two basic forms: (1) osteolytic with one or several, usually 
well-defined, polycyclic rarefactions in an otherwise normal 
bone; and (2) the osteosclerotic form, with uniform sclerosis, 
often passing over smoothly into normal bone. The radiological 
appearances characteristic of chronic osteomyelitis are irregu- 
lar and blurred areas of sclerosis and scattered osteolytic areas 
both within the sclerosed region and in the surrounding bone. 
The areas of sclerosis and osteolysis vary significantly over 
time and the variations are related to clinical flare-ups of the 
osteomyelitis. Periosteal new bone formation usually occurs. 
Thus, the authors conclude that, although similar in clinical 
and radiographic appearance, chronic osteomyelitis may usu- 
ally be distinguished from mandibular fibrous dysplasia by 
showing periosteal new bone formation and variation in radio- 
logic appearance on serial examinations. 


J. D. Harley 


Nervous System 


Computed tomography of the exophthalmos — with emphasis 
on the value of coronal sections. Takahashi M, Tamakawa Y, 
Odani R, Nakano Y, Arii H, Shindo M (Akita University School 
of Medicine, Akita, Japan). Nippon Acta Radiol 37:540-548, 
June 1977 


The authors report early experience with computed tomogra- 
phy in the diagnosis of unilateral or bilateral exophthalmos 
using a whole body scanner (ACTA 0100). Nineteen patients 
with exophthalmos of various etiologies were studied in trans- 
verse axial and coronal sections. Intraorbital tumors were dem- 
onstrated to good advantage in their extent and size in relation- 
ship to the globe and extraocular muscles. The coronal sections 
were frequently helpful in the evaluation regarding the extent 
in superior and inferior directions. Extraocular muscle enlarge- 
ment was also clearly shown with this technique, thus making 
it possible to diagnose hyperthyroid myopathy even before 
laboratory findings indicated hyperthyroid state. Destruction of 
the orbital wall and adjacent bony structures were also demon- 
strated together with soft tissue abnormality when two window 
setting was utilized. The authors feel that computed tomogra- 
phy is one of the best techniques to evaluate exophthalmos 
and coronal computed tomography increases the value of this 
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technique by providing additional and complimentary informa- 
tion to the conventional transverse axial sections. 


Mutsumasa Takahashi 


Computed tomography of porencephaly and other cerebrospi- 
nal fluid-containing lesions. Ramsey RG, Huckman MS (Univer- 
sity of Chicago, Chicago, lllinois 60612). Radiology 123:73-77, 
April 1977 


Porencephaly is defined as a cystic space resulting from the 
loss of cortical substance and which communicates with the 
subarachnoid space and/or the ventricular system at one or 
more points. "Closed" porencephaly does not communicate 
with either the subarachnoid space and/or the ventricular sys- 
tem. Previous neuroradiologic diagnostic modalities employed 
in the diagnosis of porencephaly were plain radiography, pneu- 
moencephalography, and angiography. 

Seven thousand CT scans obtained during a 3 year period 
were reviewed and eight representative cases of porencephaly 
are presented: (1) secondary to an intrauterine vascular acci- 
dent; (2) infratentorial; (3) posttraumatic; (4) secondary to major 
arterial occlusion; (5) postsurgical; (6) secondary to severe 
birth trauma; (7) secondary to meningoencephalitis; and (8) 
“closed”. 

The etiologies as reported by various authors include: 
trauma, cerebrovascular occlusion, postinflammatory changes, 
focal atrophy, hemorrhage, repeated episodes of localized atrial 
spasm, and postsurgical changes. 

Plain radiographic findings are variable and may include 
bony changes, such as either localized thinning or thickening. 
There may be a shift in midline structure, either away or toward 
the side of the lesion. At times there is cranial vault hemiatrophy 
on the side of the lesion. Pneumoencephalography may include 
decreased cranial vault volume on the side of the lesion with an 
increased volume on the contralateral side. Pneumoencepha- 
lography may reveal cyst-like areas that become air filled either 
on pneumoencephalography or ventriculography. Closed po- 
rencephaly is expressed as mass effect with shift to the contra- 
lateral side with distortion of the ventricular system. Angiogra- 
phy may show a displaced midline structure with shift in the 
vasculature. Other findings include a vascular space-occupying 
mass. Computed tomography usually shows a well defined oval 
region with absorption values in the range of cerebrospinal 
fluid. Communication with the ventricular system may be evi- 
dent. There is no enhancement following infusion of contrast 
material. 

With growing experience, the authors recommend CT scan- 
ning as the sole modality in the diagnosis of porencephaly. 


Asher Nov 


Intracranial calcification on computer tomography — a compar- 
ison with radiography (in German). Becker H, Grau H, Hacker 
H (Abteilung fuer Neuroradiologie, Schleusenweg 2—16, D- 
6000 Frankfurt/Main 71, Germany). Fortschr Geb Roentgenstr 
Nuklearmed 126:509-512, June 1977 


A review of 400 unselected CT scans of the brain revealed 
calcification of the choroid plexus in 39.8%, falx cerebri in 
21.3%, and pineal gland in 50.8%. According to the literature, 
conventional radiography (routine skull series) demonstrates 
calcification of the choroid plexus in 10%, falx cerebri in 6.5%, 
and pineal gland in 40%-50% of unselected cases, i.e., on CT 
scanning, compared to conventional radiography, calcification 
of the choroid plexus was seen four times more often and that 


of the falx cerebri three times more often, while no significant 
difference existed in the detection rate of calcification of the 
pineal gland. 


Peter F. Winter 


Computed tomography in intracranial arteriovenous malfor- 
mations. Terbrugge K, Scotti G, Ethier R, Melançon D, Tchang 
S, Milner C (Montreal Neurological Hospital, 3801 University 
Street, Montreal, Quebec H3A 2B4, Canada). Radiology 
122 : 703-705, March 1977 


Twenty-two patients with angiographically proven intracra- 
nial arteriovenous malformations were studied by CT scan. 
Three exhibited an increased density pattern on nonenhanced 
scans. Measurements were higher than 100 Hounsfield units. 
Eleven patients showed a mixed density pattern with measure- 
ments varying between 12-24 and 50-100 Hounsfield units. A 
third group showed density similar to normal brain measuring 
24-50 Hounsfield units. All cases complicated by recent intra- 
cerebral hemorrhage were not included. 

Most of the malformations were in the parietal lobe. The size 
varied between 1-3 cm in diameter. Mass effect was seen in 12 
patients. In five patients, the nonenhanced scan was normal. 
Eighteen patients were rescanned after contrast enhancement. 
In 17 of these, enhancement was abnormal. The remaining 
patient was found to have a thrombosed microscopic arterio- 
venous malformation. 

The most common pattern of the malformations on nonen- 
hanced scans is a mixed pattern of high and low absorption 
coefficients. Following contrast enhancement, poorly defined 
margins and persistence of low density tissues in that area 
were seen. This correlates histologically with rarefaction and 
fenestration of the parenchyma. The presence of multiple small 
cystic spaces filled with clear fluid correlates with findings on 
plain CT scans and explains the persistence of low-density 
tissues on contrast-enhanced scan. 


Asher Nov 


Computed tomography of intracranial neoplasms. A compar- 
ative study of 1,658 tumors (in German). Wende S, Aulich A, 
Kretzschmar K, Grumme Th, Meese W, Lange S, Steinhoff H, 
Lanksch W, Kazner E (Abteilung fuer Neuroradiologie, Univer- 
sitaetskliniken Mainz, Langenbeckstr. k, D-6500 Mainz, Ger- 
many). Radiologe 17:149-156, April 1977 


The results of a cooperative study on computed tomography 
(CT) of intracranial neoplasms conducted by the University 
Clinics of Berlin, Mainz, and Munich are reported. A total of 
1,658 patients with cerebral tumors was examined (EMI Scanner 
Mark |, matrix 160/160) using standard horizontal sections. In 
90% of patients, the examination was repeated after intravenous 
administration of contrast agent. 

Astrocytomas, grade | (87 patients) exhibited diminished 
density (11-13 Hounsfield units) which did not change qualita- 
tively after administration of contrast agent. Cerebral edema 
surrounding the tumor could not be differentiated from tumor 
tissue. The CT appearance of astrocytomas, grade Il (84 pa- 
tients) was variable with absorption values extending over a 
wide range. Contrast enhancement occurred in 90% of these 
tumors and perifocal edema was present in 6796. Glioblastomas 
(306 patients) were of nonuniform density, usually a combina- 
tion of equal and diminished densities, in 65% of the cases. 
Following administration of contrast medium, the vital portions 
of the tumor enhanced and, in sparing the necrosed portions, 
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ring-like or scalloped formations were produced. Perifocal 
edema was found in 87% of patients, the highest incidence 
among cerebral tumors. Oligodendrogliomas (84 patients) pre- 
sented with variable pictures, explained by the frequent pres- 
ence of calcific deposits and cysts. Contrast enhancement 
occurred in the more malignant types of these tumors. Spon- 
gioblastomas (39 patients) could be differentiated into three 
types: (1) lesions of reduced density containing large cysts; 
only the solid portions of the tumor enhanced resulting in ring- 
like pictures; (2) tumors of equal and reduced density consisting 
of large solid and small cystic portions; (3) solid tumors with 
equal or slightly reduced density and with uniform contrast 
enhancement. Only two spongioblastomas exhibited increased 
density, both had evidence of bleeding. 

Ependymomas (23 patients) frequently exhibited increased 
density on the nonenhanced scan. Contrast enhancement al- 
most always occurred. Calcifications were not unusual. Medul- 
loblastomas (36 patients) typically presented as slightly in- 
creased density, practically always adjacent to the fourth ventri- 
cle. Aside from necrotic tumors, all medulloblastomas en- 
hanced after contrast administration. Compared with other 
cerebral tumors, the detection rate of neurinomas was disap- 
pointing: 40 (4896) of 84 accoustic neuromas were not detected 
on nonenhanced CT scans and seven (8.396) remained unde- 
tected after contrast enhancement. All undetected neurinomas 
were less than 2 cm in diameter. Angioblastomas (18 patients) 
presented in the cerebellar region as a localized, smoothly 
marginated zone of reduced density reflecting the cystic portion 
of these tumors, the small solid portion of which was rarely 
visualized after administration of contrast agent. The majority 
(8496) of meningiomas (248 patients) were seen as an area of 
increased density on the nonenhanced CT images with contrast 
enhancement following administration of contrast agent. In 
58.596 of meningiomas, perifocal edema was present. Malignant 
lymphomas often resembled meningiomas with regularly occur- 
ring intense contrast enhancement and evidence of perifocal 
edema in about half of the cases. 

All hypophyseal adenomas (157 patients) with suprasellar 
extension were seen on CT scans with two-thirds detectable on 
the nonenhanced scan due to increased density relative to the 
surrounding brain tissues. Isodense tumors could be seen as 
defects in the chiasmatic cistern. Solid portions of these tumors 
always accumulated contrast agent. Craniopharyngiomas (43 
patients) presented as pleomorphic a group on CT scan com- 
prising solid tumors resembling hypophyseal adenomas, calci- 
fied tumors, cystic tumors and tumors with any combination of 
these components. Contrast enhancement occurred only in the 
noncalcified, solid portions of the tumor. Epidermoids (nine 
patients) were characterized by smoothly-marginated lesions of 
markedly reduced density related to the cholesterol content, 
with absorption values in the region of the spinal fluid or lower. 
The experience with cerebral tumors such as choroid plexus 
papillomas and pinealomas, was too limited for general state- 
ments. However, a specific diagnosis is often possible on the 
basis of the density of these lesions (lipoma—markedly de- 
creased density; osteoma—markedly increased density) or lo- 
calization (pinealoma, choroid plexus papilloma). 

The density of cerebral metastases (212 patients) on CT was 
variable. In 92% of the cases, metastatic lesions accumulated 
contrast; in 81%, perifocal edema was present. The CT appear- 
ance of metastatic lesions after administration of contrast agent 
can be ring-like, nodular, or a combination. Some metastatic 
lesions were appreciated only on the basis of the associated 
perifocal edema. Not infrequently (36% of the cases) a different 
appearance of multiple metastatic foci was found at the same 
time. Typically, metastatic lesions present as small focal lesions 
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with considerable perifocal edema. The histologic diagnosis of 
cerebral neoplasm was unknown at evaluation of 128 patients. 
The majority of these tumors involved the brain stem and 
presented with increased volume of the pontine region and 
posterior displacement of the Sylvian duct and fourth ventricle. 
The majority of these tumors were hypodense. Most difficult 
was the diagnosis of isodense pontine tumors; contrast en- 
hancement of these tumors was usually found. 


Peter F. Winter 


Radiation dose to the lens during tomography of the middle 
and internal ear. Ferraris R, Boltro E, Milani R (E. Boltro, 
Instituto di Radiologia dell'Universita, Via Genova 3, 10100 
Torino, Italy). J Radio! Electro! Med Nuc! 58:319-322, April 
1977 


The lens of the eye is very sensitive to ionizing radiation, 
from which it should receive maximum protection. During 
tomographic studies of the middle and internal ear, in the 
transorbital projection, the lens is in the direct path of the 
beam of radiation. The authors report on their studies to 
determine the amount of radiation received by the lens during 
tomography, and the efficacy of a lead shield in protecting the 
eye. 

With the patient in the supine position (transorbital projection 
of Guillen), the head is turned 15° away from the midline to the 
right and to the left, corresponding to the side of the ear to be 
examined. Appropriate dosimeters are placed at the outer and 
inner canthus of each eye. Measurements are made without 
shielding the eye and are repeated after placing a 2 mm lead 
shield over both eyes. 

Tomography was performed with a Eurostrator - Zuder Italian 
Unit, which provides a complex circular and spiral movement 
at a target film distance of 1 m instead of the 1.4 m distance of 
the Polytome. Factors used are 72 kvp, 64 mas, 4.5 sec, with a 
6.5 cm circular field at the level of the eye. Without shielding, 
the average dose to the lens is 11.7 R, while after placing a 2 
mm lead shield over the eyes the dose is reduced to 0.65 R. 
Placing the lead shields over the eye offers maximum protection 
to the lens without appreciable loss of radiographic detail of 
the bony structure examined. 


William H. Shehadi 


Computed tomography in the evaluation of intracranial aneu- 
rysms and subarachnoid hemorrhage. Scotti G, Ethier R, 
Melangon D, Terbrugge K, Tchang S (Neurological Clinic, via 
F. Sforza 35, 20122 Milano, Italy). Radiology 123:85-90, April 
1977 


One-hundred and eighteen CT scans are reviewed from 58 
patients. Forty-six patients presented with subarachnoid hem- 
orrhage and CT scans recognized extravasated blood in 42. 
The presence of a single or multiple aneurysms was determined 
by four-vessel angiography in 57 patients. Blood density was 
70-90 Hounsfield units. 

Patterns of extravasated blood are characteristic but not 
pathognomonic. Anterior communicating artery aneurysms 
tend to bleed into suprasellar cisterns and the interhemispheric 
fissure. Blood may also be seen around the brain stem and 
Sylvian fissures as well as in callosal and cingulate sulci. A 
finding typical for ruptured anterior communicating artery aneu- 
rysm is septal hematoma. Internal carotid artery ruptured aneu- 
rysms may bleed into callosal and cingulate sulci. Frontal and 
Sylvian hematomas may also result. Middle cerebral artery 
extravasated blood accumulates in the Sylvian fissure. Posterior 
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communicating artery extravasated blood accumulates in the 
callosal and cingulate sulci and Sylvian fissure. Temporal or 
basal ganglia hematomas occur with ruptured aneurysm at the 
same site. Subarachnoid blood was no longer detectable at 6- 
10 days postbleeding episode. Intraventricular blood disap- 
peared earlier than intracerebral hematomas. Contrast en- 
hancement was found useful only in cases of nonruptured 
aneurysms in which it may show irregular enhancement of the 
central portion of the aneurysm. 

The authors conclude that: lumbar puncture is unnecessary 
in detection of subarachnoid hemorrhage with the advent of 
CT; diagnosis may be made if performed in the first 5-7 days 
following hemorrhage; site of aneurysm may be predicted on 
the basis of CT findings; though angiography may be necessary 
to demonstrate site of aneurysm, repeat angiograms are unnec- 
essary following hemorrhagic episodes or surgery. 


Asher Nov 


Thrombosis of the intraorbital veins and cavernous sinus. 
Brismar G, Brismar J (University Hospital, S-221 85 Lund, 
Sweden). Acta Radiol [Diagn] (Stockh) 18:145-153, March 1977 


Eight cases with phlebographic appearances consistent with 
aseptic thrombosis of the cavernous sinus or of the posterior 
part of the superior ophthalmic vein are presented. The clinical 
course is briefly described and the phlebographic findings and 
possible differential diagnoses discussed. Even if recent meth- 
ods may obviate the need for phlebography in the demonstra- 
tion of orbital tumors in certain cases, the possibility of intraor- 
bital or cavernous sinus thrombosis constitutes an important 
indication for phlebography. 


Author Abstract 


The oil myelogram after operation for lumbar disc lesions. 
Moseley | (National Hospital for Nervous Diseases, Queens 
Square, London WC1 3BG, (England). Clin Radiol 28:267-276, 
May 1977 


Postoperative myelograms in patients with renewed or per- 
sistent pain in the back or sciatica after lumbar disc surgery 
were reviewed in an attempt to differentiate between recurrent 
disc prolapse and other changes, particularly scarring and 
inflammation of the meninges. The most useful sign of recurrent 
disc prolapse was anterior indentation of the iophendylate 
(Myodil) column opposite a disc space. Inflammatory changes 
in the meninges were indicated by loculation of the subarach- 
noid space, matting, or marked swelling of the nerve roots, 
irregularity of the theca, and by the absence of a posterior 
bulge of the subarachnoid space at the level of the operation. 
Waisting of the contrast medium column, nonfilling of nerve 
root sheaths, complete myelographic block and posteriorly 
placed indentations were confirmatory evidence of the presence 
of disease, but not helpful in determining its nature. 


Author Abstract 


Eye dose measurements using conventional and rare-earth 
screens during tomography of the paranasal sinuses. Eddles- 
ton B, Moores BM, Walker A (Christie Hospital, Wilmslow Road, 
Withington, Manchester, England). Br J Radio! 50:266-270, 
April 1977 


Eye dose measurements have been performed when using 
medium speed conventional and rare earth screen-film combi- 
nations during tomography of the paranasal sinuses. The mea- 
surements show that using conventional intensifying screens 


with the anteroposterior view a total eye dose of about 20 rad 
may be given during an examination. This eye dose can be 
reduced by 98% using the posteroanterior position. If rare 
earth screen/film combinations are employed the eye dose 
measured in the anteroposterior view was reduced by 75% of 
that obtained with conventional screens without detectable loss 
of image quality. A total eye dose reduction of about 99.596 
was measured in the posteroanterior view with the rare earth 
systems. 


Author Abstract 


Contrast medium extravasation from aneurysmal rupture dur- 
ing cerebral angiography. Murray JB, Wortzman G (Toronto 
General Hospital, Toronto 2, Ontario, Canada). Clin Radiol 
28:277-285, May 1977 


The radiographic demonstration of contrast medium extrava- 
sation from a rupturing intracranial aneurysm is rare. We have 
detected this occurrence only three times in 15 years, a period 
in which angiography was routinely used for the investigation 
of subarachnoid hemorrhage. We have added these cases to 14 
others that were previously reported and summarized the total. 
There does not appear to be a common etiological factor, 
though further experimental studies on intracarotid pressures 
distal to the site of injection seem to be warranted. Ventricular 
opacification during cerebral angiography occurred in five of 
the 17 cases: in our most recent case the contrast medium 
outlined intraventricular hematomata, a finding not previously 
reported and a feature of prognostic significance. Mortality in 
this series was extremely high and in excess of that usually 
found either with an aneurysmal rebleed or an intracerebral 
hematoma or both. However, although a combination of these 
two lesions is notoriously hazardous, perhaps the added insult 
of the contrast medium extravasation is the cause for the 
inordinately high fatality rate. Only three of these 17 cases 
survived, two of whom had a significant residual neurological 
deficit. 


Author Abstract 


Pediatric Radiology 


Fibromuscular dysplasia as a cause of stroke in infancy and 
childhood. Shields DW, Zitler FA, Osborn AG, Allen J (Depart- 
ment of Neurology, 50 North Medical Drive, Salt Lake City, 
Utah 84132). Pediatrics 59:899-901, June 1977 


Arterial occlusion is seen angiographically in the minority of 
children with acute hemiplegia, and is more common when the 
stroke is unassociated with a convulsion. Fibromuscular dyspla- 
sia as a cause of cerebral infarction is reported in two pediatric 
patients. No previously documented cases in children were 
found in the literature. The commonest mode of presentation 
of cerebral fibromuscular dysplasia is occlusion with infarction 
but there may be transient episodes of ischemia, or subarach- 
noid hemorrhage may occur secondary to an aneurysm. Pro- 
gression may occur in childhood fibromuscular dysplasia and 
hypertension may develop. 


B. J. Wood 


Pilomatrixoma (calcifying epithelioma of Malherbe): radio- 
graphic features. Haller JO, Kassner EG, Ostrowitz A, Kottmeier 
PK, Pertschuk LP (Downstate Medical Center, Box 45, Brooklyn, 
New York 11203). Radiology 123:151-153, April 1977 


Pilomatrixomas are benign soft tissue tumors arising in 
dermis or subcutaneous tissue. Forty percent are found in 
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children under 10 years of age. Radiographic features consist 
of soft tissue mass, sharply delineated from surrounding fat 
and muscle. There is often elevation of overlying skin. Calcifi- 
cation is seen as sand-like throughout the lesion. 


Asher Nov 


The causes of interstitial pneumonitis in immunocompromised 
children: an aggressive systematic approach to diagnosis. 
Wolff LJ, Bartlett MS, Baehner RL, Grosfeld L, Smith JW (James 
W. Riley Hospital for Children, 1100 West Michigan Street, 
Indianapolis, Indiana 46202). Pediatrics 60:41-45, July 1977 


Twenty-four immunocompromised patients, ages 5 months 
to 17 years, with interstitial pneumonitis and arterial hyposatur- 
ation were subjected to open lung biopsy. Seventeen patients 
had acute lymphoblastic leukemia, 16 were in complete remis- 
sion. Six patients had solid tumors. All patients had received 
immunosuppressive drugs, with the exception of a 5 month 
infant who had combined immunodeficiency. Radiation therapy 
to the trunk had been given to five patients within 6 weeks of 
the pulmonary infection. Their presenting symptoms were fever, 
lethargy, nonproductive cough, or increased respiratory rate. 
Physical examination of the chest was negative in all but two 
patients. Chest radiographs were abnormal in all. Bilateral 
interstitial and/or alveolar infiltrates were present in 20 patients, 
and perihilar and/or lobar infiltrates in four patients. The lung 
specimen was examined by impression smears, sections, and 
by culture techniques. An etiological diagnosis in 21 patients 
was made within 3 hr of receipt of the lung tissue. Twenty pa- 
tients had Pneumocystis carinii pneumonitis; one Histoplasmo- 
sis capsulatum; one, infiltrate by secondary neuroblastoma; 
one, Staphylococcus aureus pneumonia; and one, interstitial 
pneumonia due to respiratory syncytial virus. The authors feel 
that open lung biopsy permits rapid accurate diagnosis aiding 
prompt appropriate therapy. 


B.J. Wood 


Persistent interstitial pulmonary emphysema: another compli- 
cation of the respiratory distress syndrome. Stocker TJ, Ma- 
dewell JE (Armed Forces Institute of Pathology, Washington, 
D.C. 20306). Pediatrics 59:847-857, June 1977 


Persistent interstitial pulmonary emphysema (PIPE) was ob- 
served in 22 infants during the neonatal period. All the infants 
experienced respiratory distress during the first few days of 
life, and 21 of them were treated for the respiratory distress 
syndrome with artificial ventilation, oxygen, or both. Ten infants 
developed a localized form of PIPE with air-filled interstitial 
cysts measuring up to 3 cm in diameter confined to one or 
more lobes of lung. The involved segment of lung was resected 
in seven of these infants, all of whom survived. The remaining 
three died and autopsies were performed. 

A diffuse form of PIPE was observed in the other 12 infants. 
Numerous cysts that were predominantly small (less than 0.3 
cm) were seen in all lobes of both lungs. These infants received 
high concentrations of oxygen for prolonged periods, resulting 
in bronchopulmonary dysplasia in 11 of the infants. All 12 
infants died. PIPE is characterized histologically by air-filled 
interstitial cysts partially lined by multinucleated giant cells. 


Author Abstract 


Twelve years' experience with bronchopulmonary dysplasia. 
Edwards DK, Dyer WM, Northway WH (Stanford University 
Hospital, Stanford, California 94305. Pediatrics 59:839-846, 
June 1977 


A retrospective study of 299 successive infants who were 
ventilated for respiratory distress syndrome (RDS) showed that 
62 (21%) developed radiographic stage IV bronchopulmonary 
dysplasia (BPD). The largest, most mature, and least ill infants 
tended to survive without developing BPD; the smallest, least 
mature, and most ill infants tended to die without developing 
BPD. The patients who developed BPD tended to be intermedi- 
ate in terms of weight, maturity, and severity of disease; they 
required longer exposures to elevated oxygen and assisted 
ventilation than patients who did not develop BPD. The data 
suggest that in addition to varying individual susceptibility 
(primarily degree of immaturity and initial severity of disease). 
elevated oxygen is more important than mechanical ventilation 
in the pathogenesis of BPD. 


Author Abstract 


Pseudoachondroplasia, a report of 13 cases. Heselson NG, 
Cremin BJ, Beighton P (Groote Schuur Hospital, Cape Town, 
South Africa). Br J Radiol 50:473-482, July 1977 


Pseudoachondroplasia is a heterogeneous inherited skeletal 
dysplasia in which dwarfism is a major feature. Affected individ- 
uals have a normal craniofacial appearance and the skeletal 
malformations do not become apparent until early childhood. 
Radiographic changes observed in 13 affected individuals in- 
clude shortening of tubular bones, flaring of metaphyses, vari- 
able epiphyseal maldevelopment, and some degree of vertebral 
end-plate malformation. Diagnostic precision is essential for 
effective management and genetic counseling. 


Author Abstract 


Pertussoid eosinophilia pneumonia. Oetgen WJ (Box 406, 
Walter Reed Army Medical Center, Washington, D.C. 20012). 
Chest 71:492-496, April 1977 


Four young patients are presented who had pulmonary infil- 
trates and peripheral eosinophilia. None of the patients fulfill 
the usual diagnostic criteria for classification into the syn- 
dromes of pulmonary infiltrates and eosinophilia. All were 
infants with initial findings of cough, tachypnea, bilateral inter- 
stitial infiltrates on chest x-ray, and peripheral eosinophilia. 
The clinical courses of the infants were similar with disappear- 
ance of the eosinophilia within several days and slow improve- 
ment of the interstitial infiltrates over several weeks. Significant 
elevations of IgM were noted in all patients. Treatment with 
antibiotics did not alter the course of the disease. No etiologic 
agent was isolated although a viral infection was suspected. 
The authors postulated that peripheral eosinophilia is a favora- 
ble prognostic sign in infants with bilateral interstitial pneumon- 
itis. 

William D. Boswell, Jr. 


Miscellaneous 


Computed tomography as an adjunct in the staging of Hodg- 
kin's disease and non-Hodgkin's lymphomas. Redman HC, 
Glatstein E, Castellino RA, Federal WA (Mount Zion Hospital 
and Medical Center, P.O. Box 7921, San Francisco, California 
94120). Radiology 124:381-385, Aug 1977 


The authors describe computed tomography of the abdomen 
as an adjunctive evaluation method in the staging of 25 patients 
with Hodgkin's and non-Hodgkin's lymphomas. The liver was 
considered normal at CT scanning in 21 of 23 biopsied patients. 
Findings included one false-positive, one false-negative, and 
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one true-positive interpretation. Splenic evaluation in 22 pa- 
tients showed normal size at CT in 18 patients and all of these 
had specimen weights of 215 g or under. Splenic enlargement 
was shown by CT in four patients, all of whom had specimen 
weights over 275 g. Four splenic nodules less than 1 cm in size 
were not seen at CT, however, four splenic nodules more than 
1 cm in size were seen on CT. Lymph nodes in 23 patients were 
shown as true-positive in eight patients on CT scan versus nine 
on lymphangiogram, 12 patients had true-negative CT scans 
versus 13 on lymphangiogram and CT scans reported false- 
positives in one patient and false-negatives in two patients. 
Mesenteric nodes could not be identified at CT scanning in any 
of the 25 patients. Twenty-three of the 25 patients underwent 
exploratory celiotomy with multiple liver biopsies, splenectomy, 
and paraaortic node biopsies. Identification of normal and 
enlarged lymph nodes in the paraaortic and upper pelvic re- 
gions at CT scanning was generally possible. However, the 
only abnormality which could be detected with current technol- 
ogy is nodal enlargement as intrinsic nodal abnormalities were 
not detected even in enlarged nodes, unless lymphography had 
already been performed. In patients with extensive paraaortic 
adenopathy whose lymphangiograms were clearly abnormal, 
the CT scan often demonstrated a much greater extent of nodal 
pathology than was expected from the lymphangiogram and 
this information was used in planning radiation therapy ports. 


Herbert C. Berry 


The radiology of nasal injuries: problems of interpretation 
and clinical relevance. de Lacey GJ, Wignall BK, Hussain S, 
Reidy JR (St. George's Hospital, London, England). Br J Radiol 
50:412-414, June 1977 


Films of 50 normal patients and 50 dry skulls were examined 
to detect lines which might simulate a nasal fracture. These 
were visible on the occipito-mental view but on the lateral view 
any line which reaches the anterior cortex must be regarded as 
a fracture. The results of an analysis of 100 patients with 
trauma to the nasal bone are also presented. It is concluded 
that radiography of the nasal bone is an unnecessary examina- 
tion unless requested by the surgeon. 


Author Abstract 


Hemangiopericytoma-like intranasal tumors. A clinicopathol- 
ogic study of 23 cases. Compagno J, Hyams VJ (Armed Forces 
Institute of Pathology, Washington, D.C. 20306). Am J Clin 
Pathol 66:672-683, Oct 1976 


The clinical, gross, and microscopic features of 23 cases of 
hemangiopericytoma-like tumors of the nasal cavity are de- 
scribed. These lesions occurred most commonly in adults in 
the sixth and seventh decades of life, with an age range of 14- 
79 years. Nasal obstruction and epistaxis were the most com- 
mon symptoms and a clinical diagnosis of allergic polyps was 
usually made, especially in the younger patients. Most of the 
patients had no symptoms referable to the nasal or paranasal 
sinuses. When available, preoperative x-rays showed density in 
the soft tissues of a paranasal sinus or the nasal cavity. No 
clear evidence of bone destruction was seen in any case. More 
than one-half the tumors originated in the ethmoid sinuses; the 
remainder from the maxillary and sphenoid sinuses. All occu- 
pied the nasal cavity to some extent, especially the superior 
portion. Microscopically these tumors are composed of uniform 
spindle cells, with numerous vascular spaces. Treatment pro- 
cedures included local excision, irradiation, ethmoidectomy, 
Caldwell-Luc, and sphenoidectomy. Follow-up data showed no 


evidence to suggest a malignant or biologically unpredictable 
lesion, although two cases recurred locally 6 and 11 years 
following local excision. 


Louise Weigenstein 


Widespread bone involvement in sinus histiocytosis. Ramos 
CV (St. Louis University of Medicine, St. Louis, Missouri 63104). 
Arch Pathol Lab Med 100:606-608, Nov 1976 


Sinus histiocytosis with massive lymphadenopathy is a rare 
disorder of the reticuloendothelial system which simulates ma- 
lignant lymphomas. Black children are most often afflicted. 
Bone involvement is also present and in most cases has been 
described as benign osteolytic radiolucencies which may in- 
volve any bone and which, when biopsied, have shown merely 
fibrosis of the bone marrow. In the case described, the lesions 
involved primarily the long tubular bones and showed an infil- 
trative of foamy histiocytes with prominent lymphophagocytosis 
and varying degrees of fibrosis. When bone involvement is 
widespread, the diagnosis can be difficult, even for the pathol- 
ogist, if he is not aware of the concurrent lymph node abnor- 
malities. This lesion is believed to represent a bizarre immuno- 
logic response to some unidentified agent. No viral particles 
were demonstrated although some cases of this disease have 
been associated with elevated titers of Epstein-Barr antibodies. 


Louise Wiegenstein 


Ultrasonics 


A comparison of gray scale ultrasound and radionuclide im- 
aging for the detection of focal hepatic lesions: open shutter 
technique. Zatz LM, Galcidin JA, Hanley GA (Veterans Admin- 
istration Hospital, Palo Alto, California 94304). J Clin Ultrasound 
5: 178-184, July 1977 


Using a specially designed and built logarithmic amplifier 
and high resolution nonstorage oscilloscope interfaced to a 
conventional B-scan ultrasound unit, the authors have com- 
pared its relative utility to that of radionuclide imaging in 
detecting focal lesions within the liver. Fifteen of the 105 
patients studied were subsequently proven positive by needle 
biopsy, surgical biopsy, autopsy, or subsequent unequivocal 
increase in size or number of focal lesions on follow-up radio- 
nuclide scan. Fifteen were proven negative by normal findings 
at surgery or postmortem examination. 

Among the 30 proven cases, the radionuclide diagnosis was 
correct in 83% and the ultrasound diagnosis was correct in 
73%. The major limitation of ultrasound appeared to be the 
inability in 37% of the cases to adequately visualize the entire 
liver. The authors conclude that their gray scale ultrasound 
technique is a valuable supplemental tool to radionuclide im- 
aging, but at the present cannot replace it as a screening 
technique for hepatic disease. 


John Denny 


The gray scale appearance of the normal pregnancy from 4- 
16 weeks of gestation. Ghorashi B, Gottesfeld KR (K. R. 
Gottesfeld, University of Colorado Medical Center, Denver, 
Colorado 80220). J Clin Ultrasound 5:195-201, July 1977 


The gray scale ultrasonographic appearance of the normal 
development of pregnancy during the first 16 weeks of gestation 
is described and illustrated. Gestation is measured from the 
first day of the last normal menstrual period. During the first 5 
weeks of pregnancy only a group of echoes within the uterus is 
seen. From 5-8 weeks a gestational sac is seen and fetal parts 
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may be visualized by the seventh week. Fetal heart tones may 
be heard by the eighth week and always by the twelfth week. At 
the ninth week the placental site may be recognizable as 
localized thickening of the gestational sac. At 11 weeks the 
placenta is characterized by a strong linear echo representing 
the chorionic plate. 

The fetal head is identifiable and can be measured from the 
thirteenth week. At this time the placenta has distinct bound- 
aries. Over the next 3 weeks the fetal and placental detail 
become clearer. In the first 12 weeks fetal age can be estimated 
in weeks by measuring the widest longitudinal diameter of the 
gestational sac in centimeters and adding two. From the thir- 
teenth the biparietal diameter can be obtained and used for 
fetal age estimation. 


John Denny 


Nuclear Medicine 


Systematization of nuclear medicine diagnostics. Hisada K 
(Kanazawa University School of Medicine, Kanazawa, Japan). 
Nippon Acta Radiol 37 :286-304, March 1977 


In order to improve the clinical contribution of nuclear medi- 
cine in the diagnosis of various diseases, the author has 
attempted to establish a programmed system to arrive at certain 
diagnosis. First, the author proposes a flow chart method 
based on branching logic utilizing numerous diagnostic tech- 
niques of nuclear medicine in a successive manner including 
results of scans and radioimmunoassay. Second, computed 
numerical diagnosis was proposed using a minicomputer and 
mark card reader to arrive at a correct diagnosis. With the 
latter method, the incidence of certain abnormal findings in 
diseases of an organ was carefully correlated with incidence of 
abnormal findings in each disease. Such data were fed into a 
minicomputer and the first three diagnostic possibilities were 
obtained. With this method accuracies of scans have been im- 
proved considerably in the diagnosis of liver and brain diseases. 


Mutsumasa Takahashi 


Evaluation of myocardial uptake of °°™Tc pyrophosphate in 
clinical excercise-induced ventricular ischemia. Berman DS, 
Antone FS, Amsterdam EA, De Nardo GL, Mason DT (University 
of California, Davis, California 95616). Chest 71:349-353, March 
1977 


Fifteen patients with documented angina pectoris were stud- 
ied at rest and after exercise with ?*" Tc pyrophosphate in an 
effort to determine if ischemia alone without necrosis results in 
abnormal uptake in the myocardium. All 15 had significant 
obstruction of at least two of the three major coronary arteries 
by selective coronary arteriography and evidence on prior stress 
electrocardiograms of myocardial ischemia. Ten patients had 
ECG evidence of previous myocardial infarction. In addition 11 
patients were studied with *'Rb. 

In 11 patients, ?*?" Tc pyrophosphate imaging at rest and after 
exercise was negative. Three of the remaining four patients 
demonstrated no selective myocardial localization nor inci- 
dence in uptake after stress testing when compared with the 
resting state. The final patient had a positive scan after exercise. 
In this patient mild elevation of serum myocardial enzymes and 
a persistently positive scan at 3 days was felt to be consistent 
with a small nontransmural infarction. All patients studied with 
*'Rb demonstrated areas of decreased activity after exercise 
when compared to the resting study consistent with regional 
myocardial ischemia. 


The results demonstrate in 14 of 15 patients with unequivocal 
evidence of exercise induced ischemia, no evidence of ??*" Tc 
pyrophosphate accumulation in the ischemic zones. These 
findings support the relatively high specificity of *?"Tc pyro- 
phosphate accumulations in areas of acute myocardial infarc- 
tion. 


William D. Boswell, Jr. 


Radiation Oncology 


The significance of needle biopsy after irradiation for stage C 
adenocarcinoma of the prostate. Cox JD, Stoffel TJ (Medical 
College of Wisconsin, Milwaukee, Wisconsin 53226). Cancer 
39:156-160, July 1977 


Thirty-eight consecutive patients with clinical stage C adeno- 
carcinoma of the prostate treated by irradiation for cure (7,000 
rad + 300-400 rad/6-7 weeks) and followed with routine postir- 
radiation prostate biopsies are described. There were 49 posi- 
tive and 90 negative biopsies. Sixty percent were positive at 6 
months, 37% at 1 year, and 19% after 30 months. No prognostic 
significance could be ascertained for positive or negative biop- 
sies, and the authors have eliminated routine prostatic biopsies 
from follow-up studies. 


Herbert C. Berry 


Persistent carcinoma of the oropharynx and oral cavity re- 
treated by after-loading interstitial '?*Ir implant. Syed AMN., 
Feder BH, George FW Ill. (Los Angeles County University of 
Southern California Medical Center, 1200 North State Street. 
Los Angeles, California 90033). Cancer 39:2443-2450, July 1977 


The authors present data on '*Ir implantation in 29 patients 
with persistent (or recurrent) oral cavity or oropharynx cancers 
postirradiation. Doses delivered with the after-loading tech- 
niques were 5,000-7,000 rads in 3-5 days. Sixty-three percent 
(18/29) of the patients have had complete local control for 18- 
36 months. Fistulae are described in three patients, soft-tissue 
necrosis in three and superficial necrosis in one. Excluding the 
last patient, the complication rate is 20%, which is not felt to be 
prohibitive by the authors. 


Herbert C. Berry 


Clinical report on the treatment of locally advanced lung 
cancer. Petrovich Z, Mietlowski W, Ohanian M, Cox J (Veterans 
Administration, Wadsworth Hospital Center, Los Angeles, Cali- 
fornia 90073). Cancer 39:72-77, July 1977 


The authors describe their results of treatment of 345 patients 
with clinically nonresectable or inoperable lung cancer studied 
under the Veterans Administration Lung Group Protocal 13L. 
Of the 345 patients who entered the study, 171 received radio- 
therapy alone (5,000-6,000 rads/4-6 weeks) and 174 received a 
combination of radiotherapy and chemotherapy concurrently 
with the irradiation and continued after the irradiation was 
completed (CCNU and hydroxyurea initially). The strongest 
influence on median survival was the level of radiation dose 
with those patients receiving more than 1,700 rets having an 
uncorrected median survival of 73.1 weeks versus those receiv- 
ing less than 1,400 rets having a 20.4 week uncorrected median 
survival time. The small cell carcinoma patients treated with 
radiotherapy and chemotherapy showed significant improve- 
ment in the median survival, i.e.: 38.2 weeks versus 20.6 weeks 
for the radiotherapy group alone. 


Herbert C. Berry 
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An analysis of distant metastases from squamous cell carci- 
noma of the upper respiratory and digestive tracts. Merino 
OR, Lindberg RD, Fletcher GH (R. D. Lindberg, M. D. Anderson 
Hospital and Tumor Institute, 6723 Bertner Drive, Houston, 
Texas 77030). Cancer 39:145-151, July 1977 


The authors report on their retrospective, unrandomized 
review of the charts of 5,019 patients with squamous cell 
carcinoma of the upper respiratory and digestive tracts com- 
pleting treatment for cure between January 1948 and August 
1973. Five hundred and forty-six patients developed clinical 
evidence of distant metastases (10.9%), with lung (52.0%) and 
bone (20.3%) representing the most common first site of distant 
metastasis. The mediastinum was the first site in only 2.996 of 
the group, thus the authors feel elective irradiation of the 
mediastinum is not warranted. In patients with T3-4, N2-3 
lesions the incidence of clinical distant metastases was 16.7% 
in the preoperative irradiation group versus 33.4% in the post- 
operative irradiation group (statistically significant at p — .005). 
Eighty percent of the metastases were detected by 2 years. 


Herbert C. Berry 


Acute leukemia after alkylating-agent therapy of ovarian can- 
cer. Reimer RR, Hoover R, Fraumeni JF Jr, Young RC (Environ- 
mental Epidemiology Branch, Landow Building, Room A521, 
National Cancer Institute, Bethesda, Maryland 20014). N Engl J 
Med 297 :177-181, July 28, 1977 


The authors report the results of a 70 institution survey to 
estimate the leukemogenic potential of alkylating agents in 
patients with advanced ovarian cancer. As a result of the data 
submitted on 5,455 patients in the End Results Program of the 
National Cancer Institute, 13 cases of acute nonlymphocytic 
leukemia were identified as contrasted to the expected 0.62 
cases. All 13 had received alkylating agents but nine had also 
received radiotherapy. The authors felt the excess of acute 
nonlymphocytic leukemia was attributable to alkylating agents, 
although they mentioned the possibility of an enhancement 
effect by exposure to irradiation. The authors hope that long- 
term follow-up observation of patients in ongoing adjuvant 
chemotherapy trials will provide a clear understanding of the 
risks and benefits of therapy with alkylating agents. 


Herbert C. Berry 


Erratum 


In the paper “Involvement of an Aberrant Right Subclavian Artery in 
Dissection of the Thoracic Aorta: Diagnostic and Therapeutic Implica- 
tions" by Weinberger et al. (129:653-655, October 1977), there is an 
error in the abstract. The last sentence should read, “In the second pa- 
tient, cross-clamping of the thoracic aorta proximal to the left subcla- 
vian artery ...." instead of the abdominal aorta as printed. 





Book Reviews 


The Fundamentals of X-Ray and Radium Physics, 6th ed. By J. Selman. Springfield, IIl., Thomas, 586 pp., 1977. $18.75 


This book attempts to explain to the student technologist in 
clear, simple language the important physical principles under- 
lying radiologic technology. This edition includes several major 
revisions and expansion of the material in the fifth edition. 

Included for the first time are simple discussions of new 
intensifying screens, focal spot evaluations, magnification ra- 
diography, modulation transfer functions, 350 kV field emission 
radiography, and the Bureau of Radiological Health's report on 
population exposure in medical radiography. With these addi- 
tions, the book is very complete in its coverage. 

Many of the standard topics are explained well. The sections 
on x-ray tubes, circuits, and films are excellently written, with 
some of the clearest, most concise explanations | have ever 
read. However, the discussions of radiographic quality, special 
equipment, and film processing are so simplified as to obscure 
several important points. 

The book is written in an easy-to-read style. Sections are 


Atlas of Xeroradiography. By L. Schertel, D. Puppe, 
Saunders, 284 pp., 1977. $70 


This book is a translation and shows a marked improvement 
in style over previously translated books from German. The 
book contains 287 well done illustrations with many comparison 
plates of routine x-ray film technique and xeroradiograms. The 
authors claim simpler and better visibility, greater image mag- 
nitude, and wider exposure range for xeroradiography, but 
they also admit the method cannot completely replace conven- 
tional x-ray film. 

The book begins with a brief but lucid explanation of the 
physicotechnical and dosimetric principles of xeroradiography 
and goes on to a discourse of the use of xeroradiography as 
applied to the various skeletal findings and organ systems. All 
pros and cons of xeroradiography are discussed in the first 48 
pages; the last 236 pages are in atlas format. A brief historical 
survey, an up-to-date reference list, and a usable index com- 


short and discussions are generally limited to a single concept. 
Concise section titles and a detailed index allow the reader to 
locate points easily. Each chapter is followed by a series of 
problems, most of which require essay or discussion-type an- 
swers. The answers for the few problems that are numeric in 
nature are provided in an appendix. Many excellent illustrations 
are used to explain the material in the book. 

The major defect in the work is that, in its attempt to be 
complete, the book is too long to be used as a self-teaching aid 
for a technologist. However, it would be an ideal textbook for a 
year-long formal course for radiological technology students. 
Overall, the volume is one that should be included in all 
teaching libraries and will make an excellent reference book 
for radiologists as well as advanced technologists. 


William E. Moore 
University of Washington 
Seattle, Washington 98195 


. Schnepper, H. Witt, and K. zum Winkel. Philadelphia: 


plete the introductory and atlas sections. 

A separate chapter on mammography with numerous com- 
parison films with standard film technique is an excellent 
introduction to this field for radiologists who, like myself, are 
still by preference using film technique. The authors present a 
very compelling case for xeroradiography of the breast includ- 
ing reduced time for evaluating the xeroradiogram and the 
lesser degree of fatigue in reading. Yet many disadvantages of 
xeroradiography are also presented. 

The book is well printed and beautifully illustrated. It should 
be in the library of everyone starting in this field. As a general 
reference it will be appreciated by all radiologists. 


Leonard Goldberg 
272 Roncevalles Avenue 
Toronto, Canada 


Financial Operation and Management Concepts in Nuclear Medicine. Edited by J. L. Bennington, H. Handmaker, 
and G. S. Freedman. Baltimore: University Park Press, 232 pp., 1977. $16.50 


This book is based on the proceedings of a symposium held 
in October 1975 in New York City and presented in association 
with the American College of Nuclear Physicians. It has 19 
chapters with multiple authors and covers a variety of topics 
relating to administrative and operational concepts of a nuclear 
medicine unit. The authors are from areas of business manage- 
ment, laboratory administration, law, and pharmaceutical man- 
ufacturing as well as the practice of radiology and nuclear 
medicine. 

The book will be useful to those in charge of nuclear 
medicine units who have not had the opportunity to study basic 
management concepts. Practical information in facilities plan- 
ning, pricing, cost analysis, and budgeting provide good gen- 
eral models to apply to local administrative problems. Other 
general topics on the value measurements of procedures and 
the socioeconomic factors in technology transfer are interesting 
reading at a time when the health care dollar is under scrutiny 
from many sources. The book has a little something for every- 


211 


body. It covers concepts of central nuclear pharmacy, federal 
regulation and agencies, as well as information regarding 
professional liability. 

The chapters are brief and succinct. Because of the multiple 
authors of diverse backgrounds, the book does not maintain a 
cohesive style. In general reference material is limited, and 
much of the writing represents the authors' individual experi- 
ences. The exception is the chapter on federal regulations, 
which is largely a reiteration of titles and sections of federal 
documents. 

The book will be useful as a library resource volume, primarily 
for the nuclear medicine administrator when he is concerned 
with facilities planning, new equipment purchases, annual 
budgets, and dealing with hospital and federal administrators. 


W. B. Nelp 
University Hospital 
Seattle, Washington 98195 





ela BOOK REVIEWS 


Organ Physiology: Structure and Function of the Lung with Emphasis on Roentgenology, 2d ed. By R. G. Fraser 
and J. A. Peter Pare. Philadelphia: Saunders, 228 pp., 1977. $8.95 


"Where there is much desire to learn, there of necessity will 
be much arguing, much writing, many opinions; for opinion in 
good men is but knowledge in the making" (John Milton, 
Areopagitica , 1644). 

This monography provides the medium for learning current 
principles of anatomy, physiology, and radiology of the lungs 
and chest. As the authors admit in their preface to the first 
edition, their fallibility is recognized. Some observations may 
prove erroneous, and students of lung and chest radiology may 
dispute portions of their compendium. 

Being a monograph, the text is brief by nature. However, in 
approximately 228 pages reinforced by 602 references (40% 
since 1970 or later) and 143 illustrations, much concise infor- 
mation is presented. 

Abundant morphologic descriptions of the lung substantiated 
by examples of electron microscopy ultrastructure and physio- 


logic discussions are intertwined with pathologic and radiologic 
representations. In addition, anatomic cross sections and line 
drawings are related to chest radiographs. Of the 68 radio- 
graphs, many are normal. A number of these, as well as a large 
part of the text and illustrations, were in the original two 
volume set Diagnosis of Diseases of the Chest by Fraser and 
Pare. 

The monograph is an inexpensive, well written, concise 
addition to knowledge of the lung and related diseases. The 
busy general radiologist may feel overwhelmed by exhaustive 
physiologic discussions and extensive portrayals of ultrastruc- 
ture. However, for the physician primarily interested in the lung 
and its function, this volume would be a worthwhile purchase. 


J. Ken Aston 
Craighead Memorial Hospital 
Jonesboro, Arkansas 72401 


Cancer Management. By W. Lawrence, Jr., and J. J. Terz. New York: Grune & Stratton, 556 pp. 1977. $38 50 


This book, which might more precisely be entitled Surgical 
Oncology, provides a much needed survey of the general 
guidelines in the surgical management of cancer, which is 
particularly useful to postgraduate trainees in the various on- 
cology subspecialties, to the general surgeon, and general 
physician. Although the thrust of the book is the management 
of each type of cancer, the excellent descriptions of symptoms, 
diagnosis, staging, and pathology make it a reference atlas in 
handbook form. For example, in the section on uncommon 
tumors of the ovary in children, six varieties are discussed 
concisely, but nevertheless provide available information useful 
to a radiotherapist, chemotherapist, and surgeon. 

Despite the authors’ admitted bias toward surgery derived 
from their original training at Memorial Sloan-Kettering Cancer 
Center, their inherent objectivity, enhanced by their investiga- 
tions in cell kinetics, has resulted in more balanced value 
judgments and treatment decisions than are expressed by 
surgeons whose philosophy of treatment was taught by the 
sharp edge of the scalpel. With a few exceptions, detailed 
description of surgical techniques has been avoided. Each 
treatment decision is discussed successively in terms of general 
principles, available strategies, and finally, specific recommen- 
dations. 

Judgments are carefully stated so as to reflect only the valid 
evidence to date, without extrapolation into unsupported or 
premature conclusions. For example, adjuvant systemic chem- 
otherapy has now been shown to reduce the incidence of 
recurrence in the early period [emphasis mine] after primary 
treatment of breast cancer. These answers are considered 
inconclusive at present... ." After describing staging laparot- 
omy for Hodgkins disease, the advantages and disadvantages 
of the procedure are critically discussed. In the chapter on Oral 
Cavity and Pharynx Cancers, the authors state, ‘‘For localized 


Stage | lesions, we prefer radiation therapy as a primary treat- 
ment." 

The discussions display the cogitations of the experienced 
oncologic surgeon who talks a different language from that 
formerly dictated by the greedy scalpel. Surgical tactics are 
only occasionally described, but the principles are thoroughly 
discussed so as to remind or inform the radiotherapist of their 
potential contribution to the treatment of each tumor. Principles 
and techniques of chemotherapy are extensively discussed in a 
separate chapter as well as throughout the book; immunology 
briefly so. Some aspects of oncology, seldom seen in radiother- 
apy publications, are discussed (e.g. tumors of the medias- 
tinum, neoplasms of the endocrine glands, and surgical manip- 
ulation of tumors of the gastrointestinal tract). The vast current 
literature on pediatric tumors is condensed succinctly but 
comprehensively into an excellent chapter. 

There are some defects. The sparse description of the data 
in the few tables on end results is insufficient for analysis. In 
discussing the treatment of postradiation recurrence and per- 
sistent carcinoma of the cervix, the accomplishments of surgery 
are described; however, the authors fail to describe the great 
accomplishments of radiation following incomplete surgery, or 
for recurrence after surgery. For the management of most 
gynecologic cancers, the authors predictably prefer surgery, 
despite the cumulative evidence favoring irradiation. However, 
from the general tenor of the book, it is obvious that the 
authors would attentively listen to an alternate radiotherapeutic 
decision when logically presented. 

In a radiotherapy center, the voice of these two surgeons 
should be heard through the medium of this excellent book. 


Milton Friedman 
Greystones, County Wicklow 
Ireland 


Diagnosis and Treatment of Incorporated Radionuclides. Proceedings of a seminar. Vienna: International Atomic 
Energy Agency (Available in U.S. from Unipub, Box 433 Murray Hill Station, New York, NY 10016), 638 pp, 1976, $39 


This book is a transcription of the proceedings of a seminar 
on the diagnosis and treatment of incorporated radionuclides 
organized by the International Atomic Energy Agency and the 
World Health Organization and held in Vienna in December 
1975. The intention of the program was to consider the best 
methods of dealing with accidents involving radioactive con- 
tamination of man. Most papers relate to the problem of con- 


tamination with plutonium. However, some relate to the prob- 
lems of contamination by ®°Zn, ®°Co, '**Ce, '*7Pm, ?5?Cf, and 
241 Am. 

The proceedings are arranged by six major topics. The first, 
Metabolism of Some Important Radionuclides including the 
Elimination and Retention Pattern, is introduced by a review 
paper which gives formulae for calculating the total expected 
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50 year dose (TED,,) and excretion rates in man as well as 
numeric descriptions of a "gut model" and "lung model." This 
is followed by sections on Assessment of Incorporated Radio- 
nuclides including Measuring and Calibration, Removal of In- 
corporated Radionuclides: Animal Studies, Removal of Incor- 
porated Radionuclides: Human Studies, Removal of Incorpo- 
rated Radionuclides: Toxicological Studies on DTPA, and Med- 
ical First Aid Treatment and Medical Care and Supervision of 
Workers. Several sections are introduced by an invited review 
paper. 

While this collection will have limited appeal to AJR readers, 


the increased possibility of accidents involving radioactive con- 
tamination due to expanding nuclear programs will increase 
the need for such information. 

The stated purpose of the publication is to "be of help to the 
medical practitioner and health physicist who may be called 
upon to handle cases where radionuclides have been acciden- 
tally incorporated." By providing the proceedings and accom- 
panying references, the publication fulfills its goal. 


Marvin E. Goldberg 
University of Minnesota Hospitals 
Minneapolis, Minnesota 55455 


Programme Radiation Protection, Annual Report 1976. Commission of the European Communities. Brussels: CEC 
(Available in U.S. from European Community Information Service, 2100 M St. N.W., Washington, D.C. 20037), 623 


pp., 1976. $34.40 


This volume is a compilation of annual reports prepared by 
research teams set up by the Biology Division of the Commis- 
sion of European Communities, and is the first annual report of 
the 5 year program of research on radiation protection. The 
objectives of the report are: (1) "improvement of scientific and 
technical knowledge to lay down radiation protection standards 
and guarantee adequate protection for workers and the general 
public," and (2) the evaluation of biological and ecological 
effects of nuclear energy and ionizing radiation to protect the 
various components of the environment. 

Approximately 100 reports from 200 projects relating to do- 
simetry, assessment of radiation hazards and contamination of 
the environment, genetic repercussions, and long and short 
term effects of ionizing radiation are included. About 60% of 
the projects are follow-ups from previous multiannual pro- 
grams; approximately 4096 are on new topics. 

Some of the newer areas of investigation include: microdo- 
simetry methods in research on low dose effects, incorporated 
radionuclides, and long term effects; basic neutron dosimetry; 


biological effects of high level natural radioactivity; direct deter- 
mination of the frequency of radiation-induced nondisjunction 
in mammals; new techniques for separating direct and indirect 
effects of radiation on DNA in eucaryote cells; the primary 
effect of ionizing radiation of DNA and its components; and 
exposure to radiation as a diagnostic and therapeutic aid in 
medicine. The book is divided into sections corresponding to 
these areas. Efforts were made to coordinate the various proj- 
ects to insure optimum utilization of scientific and economic 
resources. Some reports include charts and graphs, there are a 
few photomicrographs, and most have good bibliographies. 

The majority of the reports are in English. As a compendium 
of research reports, this is an interesting book for those in 
related research. However, this is not an everyday reference for 
the practicing radiologist. 


Norman S. Rosenthal 
University of South Florida 
Tampa, Florida 33162 


Neutron Dosimetry for Biology and Medicine. ICRU Report no. 26. Washington, D.C.: International Commission on 


Radiation Units and Measurements. 1977. $7.50 


This report deals with the currently available methods for 
determining absorbed dose and kerma of fast neutrons em- 
ployed for radiobiological and medical applications. It is a 
substantial updating of NBS Handbook 75 on Measurements of 
Absorbed Dose of Neutrons, and of Mixtures of Neutrons and 
Gamma Rays (NCRP, 1961) and also some sections of ICRU 
Report 10b on Physical Aspects of Irradiation (ICRU, 1964). It 
supplements ICRU Report 13 on Neutron Fluence, Neutron 
Spectra and Kerma (ICRU, 19692). 

The book begins with a summary discussion of the principal 
quantities and units relevant to neutron dosimetry and their 
interrelation. It proceeds with descriptions of methods and 
instrumentation with reference to uncertainties, energy depend- 
ence, and sensitivity to gamma radiation, and also reviews 
appropriate techniques of monitoring of the radiation field 
during dosimetry measurements or irradiations. Specific fea- 
tures of different neutron sources are discussed as they relate 
to uniformity and reproducibility of the absorbed dose patterns 
in biological specimens and in patients. Two major sections, 


Dosimetry for Radiobiology and Dosimetry for Radiotherapy, 
discuss specific problems of neutron dosimetry in these areas. 
The greater complexity of problems associated with fast neutron 
dosimetry relative to that of photons is well illustrated. The 
book makes an important point of differences in neutron ener- 
gies and biological effectiveness of various beams and the 
importance of detailed evaluation of quality of the neutron 
beams. 

A number of appendices provide practical and useful updated 
quantitative information on mass energy transfer coefficients, 
atomic compositions of compounds and mixtures, tissue-equiv- 
alent plastics, ionization chamber construction and measure- 
ments and cross-sectional data for selected threshold reactions. 

Because of extensive current activity in the use of neutrons 
in radiotherapy, this book is recommended reading for all 
participants in the field. 


Juri Eenmaa 
University of Washington 
Seattle, Washington 98195 





News 


Diagnostic Radiology Seminars 


A series of seminars will offer summaries of the most impor- 
tant morphologic principles underlying evaluation of radiologic 
signs. Sponsor is the Armed Forces Institute of Pathology and 
all courses will be held at the Institute in Washington, D.C. 
Dates and topics are: January 23-27, general course including 
bone, chest, gastrointestinal, and genitourinary; February 13- 
17, bone and chest only; May 1-5, general, including bone, 
chest, gastrointestinal, and genitourinary; November 13-17, 
special course including gastrointestinal and genitourinary. Fee 
is $250; $175 for residents with letters of verification. Military 
and other federal radiologists with authorized approval are 
exempt from tuition. Faculty will include; J. E. Madewell, D. S. 
Feigin, and J. E. Lichtenstein. All seminars carry AMA Category 
| credit. Registration may be obtained from the American Reg- 
istry of Pathology, Armed Forces Institute of Pathology, Radio- 
logic Pathology Seminars, Room M115, Washington, D.C. 
20306. 


Pediatric Radiology 


Pediatric Radiology: Common and Important Problems is a 
seminar set for May 10-12 in Indianapolis. Sponsor is the 
Department of Radiology, Indiana University School of Medi- 
cine. In addition to university faculty, other speakers will in- 
clude: R. Astley, P. Berger, D. Gilday, C. B. Graham, R. 
Lebowitz, J. Leonidas, G. LeQuesne, B. Reilly, and L. Young. 
Fee is $175 and the program carries 18 hr AMA Category I 
credit. For information, contact E. C. Klatte, University Hospital, 
Radiology Room X64, 926 West Michigan, Indianapolis, Indiana 
46202. 


Cardiac Imaging 


A refresher course in cardiac imaging will be March 20-24 at 
the MGM Grand Hotel in Las Vegas. The program will consist 
of morning lectures followed by afternoon workshops. Faculty 
will consist of internationally known authorities in cardiology, 
radiology, ultrasound, nuclear medicine, and computed tomog- 
raphy. Course sponsors are the American College of Radiology 
and the Council on Clinical Cardiology of the American Heart 
Association. AMA Category | credit is available. For information, 
write T. Dibble, Conferences and Institutes, Division of Contin- 
uing Education, University of Utah, 1152 Annex Building, Salt 
Lake City, Utah 84112. 


Polytomography of the Temporal Bone 


The eighteenth 2 day symposium on polytomography of the 
temporal bone will be April 15 and 16 at Community Hospital, 
Indianapolis. Sponsor is the Wright Institute of Otology. Sub- 
jects will include: basic anatomy of the temporal bone with 
demonstrations of normal tomograms; and pathologic condi- 
tions such as cholesteatoma, ossicular chain problems, otoscle- 
rosis, fractures, foreign bodies, tumors, and congenital anom- 
alities. Fee is $250 and 12 hr AMA Category | credit is available. 
Inquiries should be directed to the Wright Institute of Otology, 
Community Hospital of Indianapolis, 1500 North Ritter Avenue, 
Indianapolis, Indiana 46219; phone (317) 353-5679. 
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Medical Imaging Seminars 


Two medical imaging seminars have been scheduled by the 
American College of Medical Imaging. Both will emphasize 
newer aspects of computed tomography, ultrasound, and radio- 
nuclide techniques. The first will be February 8-12 in Nassau, 
the Bahamas. The second is slated for March 5-10 at Lake 
Tahoe, California. The Bahamas course will carry 21 hr AMA 
Category | credit. For information, contact the American College 
of Medical Imaging, P. O. Box 27188, Los Angeles, California 
90027; phone (213) 275-1393. 


Physics of Radiology and Nuclear Medicine 


A refresher course on the Physics of Radiology and Nuclear 
Medicine is scheduled for May 8-11 at Beth Israel Medical 
Center, New York City. The course is designed for residents in 
radiology who are preparing for the Board Examination of the 
American College of Radiology. Category | credit is available. 
For registration and information, contact the Post-Graduate 
Education Office, Beth Israel Medical Center, 10 Nathan D. 
Perlman Place, New York, New York 10003. 


Ultrasound Course and Obstetrics Program 


An 8 week course in sonic medicine will be offered April 3- 
May 26 by the Bowman Gray School of Medicine. The course is 
designed to provide background, techniques, experience, and 
knowledge to enable an individual to set up both an ultrasound 
laboratory and a training program. Participants may attend all 
or portions of the course. Graduates receive 30 hr AMA Cate- 
gory | credit. Topics will include: acoustics, instrumentation, 
scanning, and applications to obstetrics, gynecology, opthal- 
mology, adult and pediatric cardiology, abdomen, breast, radia- 
tion therapy planning, urinary tract, and nervous system. 

Two additional 2 day real-time courses for obstetricians will 
be March 9 and 10 and June 1 and 2. These courses will carry 
10 hr AMA Category | credit. Information is available from J. F. 
Martin, Director, Center for Ultrasound, Bowman Gray School 
of Medicine, Winston-Salem, North Carolina 27103. 


Ultrasound Fellowship 


A 1 year fellowship with combined training in diagnostic 
ultrasound and computed tomography is being offered by the 
Department of Radiology, University of Pittsburgh Medical 
School. The grant will begin July 1. Patients will include chil- 
dren, as well as adults. Major emphasis will be on the abdomen 
although other regions will be covered. The program will espe- 
cially stress the comparative benefits and limitations of the 
imaging modalities. Additional information is available from M. 
L. Skolnick, Director of Ultrasound Laboratories, Presbyterian- 
University Hospital, 230 Lothrop Street, Pittsburgh, Pennsylva- 
nia 15261; phone (412) 682-8100, extension 435. 


Nuclear Medicine and Biology Congress 


The Second International Congress of the World Federation 
of Nuclear Medicine and Biology will be September 18-21 in 
Washington, D.C. Symposia will concentrate on contributed 
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communications in medical and health physics, instrumenta- 
tion, radiochemistry, radiopharmaceuticals, data analysis, ra- 
dioassays, biochemical and physiologic measurements in vivo, 
bone, joint, cardiovascular, endocrine, metabolic, pulmonary, 
and renal disorders. 

The educational program will consist of two premeeting 
courses. In addition an evening symposium will stress the 
worldwide impact of nuclear medicine on progress and health 
care. Problems of quality assurance and of recruitment, educa- 
tion, and career opportunities will be the topic of a technolo- 
gists’ program. For information, write to WFNMB Second Inter- 
national Congress, 1629 K Street, N.W., Suite 700, Washington, 
D.C. 20006. 


Cardiopulmonary Nuclear Medicine 


Recent Advances in Cardiopulmonary Nuclear Medicine: With 
Emphasis on Computer Application is the title of a course 
scheduled for February 16-18 in Baltimore. Sponsor is the 
Johns Hopkins School of Medicine. Five different computer 
systems, capable of performing quantitative nuclear cardiology 
studies, will be on hand and registrants will become familiar 
with them during a workshop. The course carries 18 hr AMA 
Category | credit. Fee is $150. For information, contact the 
Course Coordinator, Office of Continuing Education, Room 22, 
Turner Auditorium, 720 Rutland Avenue, Baltimore, Maryland 
21205; phone (301) 955-5880. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings of these events ap- 
peared in journal issues indicated in parentheses. 

International Course in Advanced Neuroradiology, March 10 
and 11, Strasbourg, France (July). 

Ultrasound Postgraduate Course, April 3-June 9, Winston- 
Salem, North Carolina (August). 

Aspen Uroradiology Seminar, February 19-24, Colorado (Au- 
gust). 

Computed Body Tomography Course, January 30-February 
2, San Diego (August). 

Osteopathic Radiology Course, April 6-8, Orlando, Florida 
(September). 

Computerized Tomography Society, seminar, February 25 
and 26, Washington, D.C. (October). 

Skeletal and GI Meeting, postgraduate course, January 30- 
February 2, Mexico City (October). 


XI Neuroradiological Symposium, June 4-10, Wiesbaden, 
Germany (October). 

Diagnostic Nuclear Imaging, course, March 4 and 5, San 
Francisco (October). 

Emergency Room Radiology, course, May 10-12, San Fran- 
cisco (October). 

Medical Instrumentation Meeting, March 28-April 1, Wash- 
ington, D.C. (October). 

Midwinter Conference, January 27-29, Los Angeles (Novem- 
ber). 

Fleischner Society Symposium, February 27-March 1, San 
Diego (November). 

Diagnostic Radiology Seminar, February 2-4, Dallas (Novem- 
ber). 

Angiography Course, February 20-23, New Orleans (Novem- 
ber). 

Puerto Rico Diagnostic Course, February 6-10 (November). 

Utah Diagnostic Course, January 28-February 4, Snowbird 
(November). 

Gastrointestinal Refresher Course, February 16-18, San 
Diego (November). 

Radiopharmacology Symposium, May 21-24, Innsbruck, 
Austria (November). 

Radiology of Neoplastic Diseases, course, April 3-7, Dur- 
ham, North Carolina (December). 

Nuclear Medicine Symposium, April 3-6, New York City 
(December). 

International Computed Tomography Symposium, March 
19-24, Miami Beach, Florida (December). 

Department Management Seminar, January 23-25, Houston; 
March 20-22, San Francisco; May 24-26, Chicago; June 7-9, 
Toronto (December). 

Practical Neuroradiology, seminar, March 5-9, Williams- 
burg, Virginia (December). 

Spring Roentgen Conference, April 20-22, New Orleans, 
Louisiana (December). 

Pediatric and Newborn Seminar, February 5-10, Aspen, 
Colorado (December). 

Big Sky Radiology Conference, February 9-11, Montana 
(December). 

Legal Aspects of Radiology, symposium, April 19-21, Nash- 
ville, Tennessee (December). 

Aspen Radiology Conference, February 26-March 3, Colo- 
rado (December). 

Automation of Administrative Systems, seminar, February 
13-15, New York City; April 24-26, Chicago (December). 





Radiologic Societies 


International Societies 


Fleischner Society. Secretary, E. R. Heitzman, State University of New 
York Upstate Medical Center, Syracuse, NY 13210 

Inter-American College of Radiology. Secretary, G. Morillo, Dept Ra- 
diology, Jackson Memorial Hospital, 1611 NW 12th Ave, Miami, FL 33136 
International Skeletal Soclety. Secretary-Treasurer, J. Edeiken, Radiol- 
ogy Dept, Thomas Jefferson University Hospital, 11th and Walnut Sts, 
Philadelphia, PA 19107 

International Society of Radiology. Hon. Secretary-Treasurer, W. A. 
Fuchs, Dept of Diagnostic Radiology, University Hospital, Inselspital, 
CH-3010 Bern, Switzerland 

World Federation of Nuclear Medicine and Biology. 2d International 
Congress, Washington Hilton Hotel, Sept 18-21, 1978, Washington, D.C. 
General chairman, H. N. Wagner, Jr, 1629 K St, NW, Suite 700, Washing- 
ton, D.C. 20006 


U.S. National Societies 


American Association of Physicists in Medicine. Secretary, J. Wright, 
Radiology Dept, Geisinger Medical Center, Danville, PA 17821 

American Board of Radiology. Secretary, C. A. Good, Kahler East, 
Rochester, MN 55901 

American College of Radiology. Executive Director, W. C. Stronach, 20 
N Wacker Drive, Chicago, IL 60606. Annual meetings: 1978, April 9-14, 
San Diego, CA; 1979, Sept 16-20, Chicago, IL; 1980, Sept 21-25, New 
Orleans, LA 

American Institute of Ultrasound in Medicine. Executive Secretary, D. 
LaMaster, PO Box 25065, Oklahoma City, OK 73125. Annual meetings: 
1978, Oct 7-13, San Diego; 1979, Aug 23-31, Montreal. Spring educa- 
tional meetings: 1978, April 4-9, Puerto Rico; 1979, Feb 23-March 3, 
Lake Tahoe; 1980, March 1-6, Hilton Head 

American Nuclear Soclety. Program Chairman, T. D. Tarr, U.S. Energy 
Research and Development Administration, Mail Station A-436 Office of 
Assistant Administrator for Nuclear Energy, Washington, DC 20545 
American Radium Society. Secretary, A. S. Ketcham, University of 
Miami School of Medicine, P.O. Box 520875, Biscayne Annex, Miami, 
FL 33152. Annual meetings: 1978, April 26-30, New Orleans, LA; 1979, 
March 4-8, Los Angeles; 1980, April 27-May 1, Philadelphia 

American Roentgen Ray Soclety. Secretary, J. F. Martin, 300 S Haw- 
thorne Rd, Winston-Salem, NC 27103. Annual meetings: 1979, March 
27-30, Toronto; 1980, April 22-25, Las Vegas; 1981, March 24-27, San 
Francisco 

American Society of Neuroradiology. Secretary, T. El Gammel, Medical 
College of Georgia, Augusta, GA 30902. Annual meeting: 1978, Feb 26- 
March 3, New Orleans 

American Society of Therapeutic Radiologists. Secretary, W. J. Taylor, 
1100 9th Ave, Seattle, WA 98101. Annual meetings: 1978, Oct 31-Nov 4, 
Los Angeles; 1979, Oct 23-27, New Orleans 

American Thermographic Society. Executive Director, N. M. Oldfield, 
PO Box 2055, Gaithersburg, MD 20760. 

Association of University Radiologists. Secretary-Treasurer, J. E. Whit- 
ley, Bowman Gray School of Medicine, Winston-Salem, NC 27103 
Health Physics Soclety. Executive Secretary, R. J. Burk Jr, 4720 Mont- 
gomery Lane, Bethesda, MD 20014 

National Medical Association. Secretary, E. Mapp, Episcopal Hospital, 
Philadelphia, PA 19148 

North American Society of Cardiac Radiology. Secretary-Treasurer, E. 
Carlsson, University of California, San Francisco, CA 94143 

Radiation Research Soclety. Executive Director, R. J. Burk Jr, 4720 
Montgomery Lane, Bethesda, MD 20014 

Radiological Society of North America, Inc. Secretary, T. A. Tristan, 
Fifteenth Floor, One MONY Plaza, Syracuse, NY 13202. Annual Meeting: 
1978, Nov 26-Dec 1, Chicago; 1979, Nov 25-30, Atlanta, GA; 1980, Nov 
16-21, Dallas, TX 

Sectlon on Radiology, American Medical Association. Secretary, A. 
Raventos, Dept Radiology, School of Medicine, University of California, 
Davis 

Soclety of Cardiovascular Radiology. Secretary-Treasurer, W. J. Casa- 
rella, Columbia-Presbyterian Medical Center, New York, NY 10032. An- 
nual Meeting: 1978, Feb 19-23, Fairmont Hotel, New Orleans, LA 
Society of Gastro-Intestinal Radiologists. Secretary-Treasurer, W. 
Whitehouse, Dept Radiology, University of Michigan, Ann Arbor, MI 
48104 
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Society of Nuclear Medicine. President, 475 Park Avenue S, New York, 
NY 10016 

Soclety for Pediatric Radiology. Secretary-Treasurer, N. T. Griscom, 
300 Longwood Ave, Boston, MA 02115 

Soclety of Photooptical Instrumentation Engineers. Secretary, A. H. 
Gott, Aerospace Corp, PO Box 92957, Los Angeles, CA 90009. Annual 
meeting: Aug 27-Sept 1, 1978, San Diego 

Soclety of Uroradiology. Secretary-Treasurer, R. C. Pfister, Massachu- 
setts General Hospital, Boston, MA 02114 


U.S. State and Local Societies 


ALABAMA 

Alabama Academy of Radiology. Secretary-Treasurer, J. L. Wayland, 
401 West College St, Florence, AL 35630 

Section of Radiology, National Medical Association. Secretary, |. 
Brooks, Dept Radiology, Veterans Administration Hospital, PO Box 511, 
Tuskegee, AL 36083 

Southern Radiological Conference. Secretary-Treasurer, J. W. Maxwell, 
PO Box 2144, Mobile, AL 36601. Annual meeting: Jan 27-29, Grand 
Hotel, Point Clear, AL 


ALASKA 
Alaska Radiological Society. Chapter ACR. Secretary-Treasurer, J. J. 
Kottra, 3200 Providence Ave, Anchorage, AK 99504 


ARKANSAS 
Arkansas Chapter of ACR. Secretary-Treasurer, R. Seibold Jr, Wadley 
Hospital, Texarkana, AR 75501 


ARIZONA 
Arizona Radiological Soclety. Chapter of ACR. Secretary, |. M. Freund- 
lich, 1501 N Campbell Ave, Tucson, AZ 85724 


CALIFORNIA 

California Radiological Society, California Chapter of ACR. Executive 
Secretary, J. M. Allen, 1225 8th St, Suite 590, Sacramento, CA 95814 
East Bay Radiological Society. Secretary-Treasurer, N. P. Moscow, 33 
Oakvale Ave, Berkeley, CA 94705 

Los Angeles Radiological Society. Secretary, R. M. Witten, St. Vincent 
Medical Center, 2131 W. Third St, Los Angeles, CA 90057 

Northern California Radiological Society. Secretary-Treasurer, J. C. 
Buhl, 7733 Bahama Ct, Fair Oaks, CA 95628 

Northern California Radiotherapy Association. Secretary-Treasurer, J. 
D. Earle, Stanford Medical Center, Stanford, CA 94305 

Orange County Radiological Soclety. R. L. Argue, 100 E Valencia Mesa 
Dr, Fullerton, CA 93632 

Radiological Society of Southern California. Secretary-Treasurer, D. E. 
Blickenstaff, La Jolla Radiology Medical Group, 7849 Fay Ave, La Jolla, 
CA 92037 

Redwood Empire Radiological Society. Secretary, H. B. Peterson, 357 
Perkins St, Sonoma, CA 95476 

San Diego Radiological Society. President, D J. Fleischli, 7849 Fay Ave, 
La Jolla, CA 92037 

San Francisco Radiological Society. Secretary-Treasurer, P. A. Brodey, 
Dept Radiology, Mount Zion Hospital, San Francisco, CA 94115 

South Bay Radiological Society. Secretary, R. T. Filipi, 14105 Okanogan 
Dr, Saratoga, CA 95070 

South Coast Radiological Society Chapter of ACR. Secretary-Treasurer, 
B. R. Schnier, Dept of Radiology, Cottage Hospital, Pueblo at Bath, 
Santa Barbara, CA 93105 

Southern Callfornia Radiation Therapy Society. Secretary-Treasurer, J. 
Stuhlborg, 514 N Prospect, Redondo Beach, CA 90277 

Western Neuroradiological Society. Secretary-Treasurer, R. A. Kramer, 
Palo Alto Medical Clinic, 300 Homer Ave, Palo Alto, CA 94301 


COLORADO 

Colorado Radiological Society. Secretary, P. Danner, St. Anthony Hos- 
pital, Denver, CO 80204 

Rocky Mountain Radiological Society. Secretary-Treasurer, J. M. Gro- 
gan, 4200 E 9th Ave, Denver, CO 80206 


CONNECTICUT 

Connecticut Valley Radiologic Society. Secretary-Treasurer, G. N. La- 
Pierre, 759 Chestnut St, Springfield, MA 01107 

Radiological Society of Connecticut, Inc. Secretary, G. L. Baker, 85 
Jefferson St, Hartford, CN 06106 
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DELAWARE 
Delaware Chapter of ACR. Secretary, E. S. Schubert, Wilmington Medi- 
cal Center, PO Box 1951, Wilmington, DE 19899 


DISTRICT OF COLUMBIA 
Section on Radiology, Medical Society of the District of Columbia. 
Secretary-Treasurer, A. M. Zelna, 21 Masters St, Potomac, MD 20854 


FLORIDA 

The Florida Radiological Society, Chapter of ACR. Secretary, S. H. 
Sarasohn, PO Box, 610544, North Miami, FL 33161 

The Florida West Coast Radiological Society, Inc. Secretary-Treasurer, 
M. Silbiger, 1 Davis Blvd, Suite 103, Tampa, FL 33606 

Greater Miami Radiological Society. Secretary, J. A. Schneider, 1131 N 
35 Ave, Hollywood, FL 33021 

North Florida Radiological Society. Secretary, C. E. Bender, 1430 16th 
Ave S, Jacksonville Beach, FL 32250 

Northeast Florida Radiological Society. Secretary, O. L. Jeter Jr, Orange 
Park Community Hospital, Orange Park, FL 32073 


GEORGIA 

Atlanta Radiological Society. Secretary-Treasurer, J. H. Larose, Dept 
Nuclear Medicine, South Fulton Hospital, East Point, GA 30344 

Georgia Radiological Society. Chapter of ACR. Secretary, T. Vander- 
zalm, Medical College of Georgia, Augusta, GA 30902 


HAWAII 
Hawaii Radiological Society, Chapter of ACR. Secretary-Treasurer, N. 
T. Ikemoto, 1350 Ala Moana Blvd, #2007, Honolulu, HI 96814 


ILLINOIS 

Chicago Radiological Society, Division of the Illinois Radiological 
Soclety, Chapter of ACR. Secretary-Treasurer, H. J. Lasky, 55 E Wash- 
ington St, Suite 1735, Chicago, IL 60602 


Illinois Radiological Society, Inc, Chapter of ACR. Secretary, R. D. 
Dooley, Hinsdale Medical Center, Hinsdale, IL 60521 


INDIANA 

Indiana Roentgen Society of ACR. Secretary, R. F. Fox, Duemling 
Clinic, 2828 Fairfield Ave, Fort Wayne, IN 46807 

Tri-State Radiological Society. Secretary, T. Harmon, St. Mary's Hospi- 
tal, Evansville, IN 47750 


IOWA 
lowa Radiological Society, Chapter of ACR. Secretary-Treasurer, D. L. 
Roberson, 1948 First Ave NE, Cedar Rapids, IA 52402 


KANSAS 
Kansas Radiological Society, Chapter of ACR. Secretary-Treasurer, R. 
H. Baehr, 310 Medical Arts Bldg, Topeka, KA 66604 


KENTUCKY 

Bluegrass Radiological Soclety. Secretary-Treasurer, J. King, 3313 
Overbrook Dr, Lexington, KY 40504 

Kentucky Chapter of ACR. Secretary-Treasurer, J. Hummel Jr, Kentucky 
Baptist Hospital, Louisville, KY 40204 


LOUISIANA 

Ark-La-Tex Radiological Society. Secretary, E. K. Lang, LSU School of 
Medicine, Shreveport, LA 71101 

Louisiana Radiological Society, Chapter ACR. Secretary-Treasurer, S. 
L. Smith, 250 Vincent Ave, Metairie, LA 70005 

Louisiana-Texas Gulf Coast Radiological Society. Secretary-Treasurer, 
E. Engert Jr, 618 S. Ryan St, Lake Charles, LA 70601 

Section on Radiology, Southern Medical Assoclation. Secretary, M. 
Sullivan, 1514 Jefferson Highway, New Orleans, LA 70121 


MAINE 
Maine Radiological Society, Chapter of ACR. Secretary-Treasurer, P. E. 
Giustra, Penobscot Bay Medical Center, Rockland, ME 04841 


MARYLAND 

Maryland Radiological Society, Chapter of ACR. Secretary, S. M. Gold- 
man, Sinai Hospital of Baltimore, Belvedere at Greenspring Avenues, 
Baltimore, MD 21215 


MASSACHUSETTS 

Massachusetts Radiological Society, Chapter of ACR. Secretary, A. H. 
Robbins, 150 S Huntington Ave, Boston, MA 02130 

New England Roentgen Ray Soclety. Secretary, H. F. Gramm, 185 
Pilgrim Road, Boston, MA 02215. Scientific meetings: Feb. 17, March 
17, April 21, and annual meeting, May 19, all 1978, at Longwood Towers, 
Brookline, MA 

Northeastern Soclety for Radiation Oncology. Secretary, C. C. Wang, 
Massachusetts General Hospital, Boston MA 02114 


MICHIGAN 
Michigan Radiological Society, Chapter of ACR. Secretary-Treasurer, 
F. P. Shea, Bon Secours Hospital, 468 Cadieux, Grosse Pointe, MI 48230 


Michigan Society of Therapeutic Radiologists. Secretary, K. E. Mur- 
dock, 302 Kensington Ave, Flint, MI 48502 


MINNESOTA 
Minnesota Radiological Society, Chapter of ACR. Secretary-Treasurer, 
J. B. Marta, 125 W College Ave, St. Paul, MN 55102 


MISSOURI 

Greater Kansas City Radiological Society. President-Secretary, F. F. 
Roberts, St. Joseph Hospital, 1000 Carondelet Dr, Kansas City, MO 
64114 

Greater St. Louis Society of Radiologists. Secretary-Treasurer, D. G. 
Spalding, 621 S New Ballas Rd, St. Louis, MO 63141 

Missouri Radiological Society, Chapter of ACR. Secretary-Treasurer, E. 
M. Herman, 701E 63rd St, Kansas City, MO 64110 


MISSISSIPPI 
Mississippi Radiological Society, Chapter of ACR. Secretary-Treasurer, 
J. B. Barlow, 514B E Woodrow Wilson, Jackson, MS 39216 


MONTANA 
Montana Radiological Society. Secretary-Treasurer, E. Drouillard, St. 
Patrick Hospital, Missoula, MT 59801 


NEBRASKA 
Nebraska Chapter of ACR. Secretary-Treasurer, W. H. Northwall, Good 
Samaritan Hospital, Kearney, NB 68847 


NEW HAMPSHIRE 
New Hampshire Chapter of ACR. Secretary-Treasurer, E. P. Kane, 
Claremont General Hospital, Claremont, NH 03743 


NEW JERSEY 
Radiological Society of New Jersey, Chapter of ACR. Secretary, A. J. 
Scher, 8 Lord William Penn Dr, Morristown, NJ 07083 


NEW MEXICO 
New Mexico Society of Radiologists, Chapter of ACR. Secretary, W. M. 
Jordan, 1100 Central Ave SE, Albuquerque, NM 87106 


NEW YORK 

Bronx Radiological Society, New York State, Chapter of ACR. Secre- 
tary-Treasurer, L. J. Corbin, 1369 Rosendale Ave, Bronx, NY 10472 

The Brooklyn Radiological Society. Secretary-Treasurer, E. Arida, 450 
4th Ave, Brooklyn, NY 11215 

Buffalo Radiological Society. Secretary, Jerald P. Kuhn, 9267 Jennings 
Rd, Eden, NY 14057 

Central New York Radiological Society. Secretary-Treasurer, E. M. 
Levinsohn, Radiology Dept, Upstate Medical Center, 750 E Adams St, 
Syracuse, NY 13210 

Kings County Radiological Soclety. Secretary, M. Moore, 7815 Bay 
Parkway, Brooklyn, NY 11214 

Long Island Radiological Society. Secretary, A. S. Trachtenberg, 1200 
Stewart Ave, Garden City, NY 11533 

Mid-Hudson Radiological Society. Secretary-Treasurer, W. D. Stiehm, 
37 Flower Hill Rd, Poughkeepsie, NY 12603 

New York Roentgen Soclety. Secretary-Treasurer, N. E. Leeds, Monte- 
fiore Hospital, 111 E 210th St, New York, NY 10467. Spring Conference: 
April 27-29, Waldorf Astoria Hotel 

New York State Chapter of ACR. Secretary-Treasurer, A. F. Keegan, 6 
Secor Dr, Port Washington, NY 11050 

Northeastern New York Radiological Society. Secretary, D. R. Morton, 
Dept Radiology, St. Claire's Hospital, Schenectady, NY 12304 
Rochester Roentgen Ray Soclety. Secretary-Treasurer, R. Hainen, 4 
Sugarwood Drive, Rochester, NY 14534 

Westchester County Radiological Society. Secretary, H. Kessler, Radio- 
logical Group, 45 Ludlow St, Yonkers, NY 10705 


NEVADA 
Nevada Radiological Society, Chapter of ACR. Secretary, C. F. Veverka, 
Carson Tahoe Hospital, Carson City, NV 89701 


NORTH CAROLINA 

Catawba Valley Radiological Society. Secretary, J. N. Owsley, 18 13th 
Ave NE, Hickory, NC 28601 

North Carolina Chapter of ACR. Secretary-Treasurer, M. A. Jones, 
Durham County Hospital, Durham, NC 27705 

Southeastern Chapter Society of Nuclear Medicine. Secretary, V. J. 
Sodd, University of Cincinnati Medical Center, Cincinnati, OH 45267 


NORTH DAKOTA 
North Dakota Radiological Society, Chapter of ACR. Secretary, H. C. 
Walker Jr, PO Box 624, Devils Lake, ND 58301 


OHIO 

Cleveland Radiological Society. Secretary-Treasurer, J. B. McCoy, Ely- 
ria Medical Arts Bldg, Suite 12, Elyria, OH 44035 

Greater Cincinnati Radiological Society. Secretary-Treasurer, C. D. 
Eversole, 722 Scott St, Covington, KY 41011 
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Northwestern Ohio Radiological Society. Secretary, G. Marsa, 3939 
Monroe St, Toledo, OH 43606 

Ohio State Radiological Society, Chapter of ACR. Secretary, W. How- 
land, Aultman Hospital, 2600 Sixth St SW, Canton, OH 44710 


OKLAHOMA 

Northwestern Oklahoma Radiological Society. Secretary, W. L. Laven- 
dusky, 100 Center Plaza Suite C, Tulsa, OK 74119 

Oklahoma State Radiological Society, Chapter of ACR. Secretary, B. 
G. Eaton, 2508 Stillmeadow Rd, Edmond, OK 73034 


OREGON 
Oregon State Radiological Society, Chapter of ACR. Secretary-Treas- 
urer, A. |. Kostiner, 8535 SW Bohmann Parkway, Portland, OR 97233 


PENNSYLVANIA 

Pennsylvania Radiological Society. Secretary, J. A. Marasco Jr, St. 
Francis Hospital, Pittsburgh, PA 15201 

Philadelphia Roentgen Ray Society. Secretary, M. E. Haskin, 230 N 
Broad St, Philadelphia, PA 19102 

Pittsburgh Roentgen Society. Secretary, R. J. Clearfield, Citizens Gen- 
eral Hospital, 651 Fourth Ave, New Kensington, PA 15068 


RHODE ISLAND 
Radiological Society of Rhode Island, Chapter of ACR. Secretary, F. H. 
Scola, Rhode Island Hospital, Providence, RI 02902 


SOUTH CAROLINA 
South Carolina Radiological Society, Chapter of ACR. Secretary, G. W. 
Brunson, 4315 Woodleigh Rd, Columbia, SC 29206 


TENNESSEE 

Memphis Roentgen Society. Secretary-Treasurer, D. R. Ramey, Baptist 
Memorial Hospital, 899 Madison Ave, Memphis, TN 38140 

Tennessee Radiological Society, Chapter of ACR. Secretary-Treasurer, 
J. W. Grise, Methodist Hospital, 1265 Union Ave, Memphis TN 38104 


TEXAS 

Central Texas Radiology Society. Secretary-Treasurer, E. J. Schoolar, 
Scott and White Clinic, Temple, TX 76501 

Dallas-Fort Worth Radiological Society. Secretary-Treasurer, J. H. 
Arndt, PO Box 26592, Dallas, TX 75226 

Houston Radiological Society. Secretary, T. S. Harle, 103 Jones Library 
Bldg, Texas Medical Center, Houston, TX 77030 

San Antonio Civilian Military Radiological Society. Secretary, J. M. 
Chao, Diagnostic Clinic, San Antonio, TX 

Texas Radiological Society, Chapter of ACR. Secretary-Treasurer, D. 
N. Dysart, Scott and White Clinic, Temple, TX 76501 


VERMONT 
Vermont Radiological Society, Chapter of ACR. Secretary, P. Dietrich, 
Medical Center Hospital of Vermont, Burlington, VT 05401 


VIRGINIA 

Mid-Shenandoah Valley Radiological Society. Secretary, K. L. Dwyer, 
King's Daughters Hospital, Staunton, VA 24401 

Richmond Radiological Society. Secretary, M. Vinik, 9504 Carterwood 
Rd, Richmond, VA 23229 

Virginia Chapter of ACR. Secretary-Treasurer, C. P. Winkler, 3500 
Kensington Ave, Suite 2-A, Richmond, VA 23221 


WASHINGTON 

Pacific Northwest Radiological Society. Secretary-Treasurer, K. D. 
Moores, 1118 9th Ave, Seattle, WA 98101 

Washington State Radiological Society, Chapter of ACR. Secretary- 
Treasurer, D. J. Hesch, 3216 NE 45th PI, Seattle, WA 98105 


WEST VIRGINIA 
West Virginia Radiological Society, Chapter of ACR. Secretary-Treas- 
urer, A. W. Goodwin Il, 200 Medical Arts Bldg, Charleston, WV 25301 


WISCONSIN 

Milwaukee Roentgen Ray Society. Vice President, T. C. Lipscomb, 
1004 N 10th St, Milwaukee, WI 53233 

Society of Nuclear Medicine, Central Chapter. G. J. Weir Jr., Marshfield 
Clinic, Marshfield, WI 54449 

Wisconsin Radiological Society, Chapter of ACR. Secretary-Treasurer, 
J. Unger, Wood VA Hospital, Wood, WI 53193 

Wisconsin Society of Therapeutic Radiologists. Secretary, M. Green- 
berg, Milwaukee County General Hospital, 8700 W Wisconsin Ave, 
Milwaukee, WI 53222 


WYOMING 
Wyoming Radiological Society, Chapter of ACR. Secretary, T. E. Hettin- 
ger, 1609 E 19th St, Cheyenne, WY 


Canada 


Canadian Association of Radiologists. Honorary Secretary, M. J. Pa- 
layew, Suite 806, 1440 St, Catherine St W, Montreal, Quebec, Canada 


H3G 1R8. Annual meetings: 1978, April 30-May 4, Toronto; 1979, Sept 
15-20, Vancouver; 1980, Oct 4-9, Montreal 

Edmonton and District Radiological Society. Secretary, B. Caplan, 
12320 103rd Ave, Edmonton, Alberta T5N ORZ, Canada 

Toronto Radiological Society. Secretary, H. Shulman, Sunnybrook Hos- 
pital, 2075 Bayview Avenue, Toronto, Ontario, Canada 


Central and South America 


Asociacion Costarricense de Radiologia. Secretary, F. A. Arguedas 
Haug, Apartado 8-5340, San Jose, Costa Rica 

Colegio Brasileiro de Radiologia. Secretary-General L. C. C. Teixeira, 
01311 Avenida Paulista, 491, 13th Floor, cj. 132, Sào Paulo, Brazil 
Sociedad Childena de Radiologia. Secretary, M. Neira, Casilla 13426, 
Santiago, Chile | 

Socledad Colombiana de Radiologia. Secretary-General, G. Sanchez 
Sanchez, Bogota, Colombia 

Sociedad Peruana de Radiología. Secretary-General, E. de Olazaval 
Tejada, Colegio Médico del Perü, Casilla de Correo 2306, Lima Perü. VI 
Peru Congress of Radiology, Sept 1978, Lima 

Socledad de Radiologia del Atlantico. Secretary, R. Fernandez, Calle 
40 #41-110, Baranquilla, Colombia 

Sociedad de Radiologia. Radiotherapéutica y Medicine Nuclear de 
Rosario. Secretary-General, M. Muñoz, Santa Fe 1798, Rosario, Argen- 
tina 


Europe 


Bavarian-American Radiologic Society. Secretary, S. A. O' Byrne, Ra- 
diology Service, Stuttgart, West Germany, 5th General Hospital, APO 
NY 09154 

British Institute of Radiology. Honorary Secretary, D. H. Trapnell, P.N.T. 
Wells, 32 Welbeck St, London, W1M/7PG, England 

Cekoslovenská Radiologická Spoleénost. Secretary, J. Kolar, Radiolog- 
ical Clinic, Parha 2, Unemocnice 2, Czechoslovakia 

Danish Radiological Society. Secretary General, J. Praestholm, Radio- 
logical Dept |, Bispebjerg Hospital, DK-2400, Copenhagen NV, Denmark 
Deutsch Róntgengesellschaft. President, W. Frik, Dept Radiology, 
Techn Univ Aachen, D-5100 Aachen, Goethestrasse 27/29, West Germany 
European Society of Paediatric Radiology. Permanent Secretary, C. 
Fauré, Service de Radiologie, Hópital Trousseau, 8-28, av du Dr. Arnold 
Netter, 75 571, Paris CEDEX 12, France. 15th Congress, April 20-22, and 
postgraduate course, April 17-18, both Brussels, Belgium 

Faculty of Radiologists (of Ireland). Honorary Secretary, M. Ryan, 
Faculty of Radiologists, Royal College of Surgeons in Ireland, Stephen's 
Green, Dublin 2, Ireland 

The Hospital Physicists’ Association. Honorary Secretary, R. F. Mould, 
Westminster Hospital, Physics Dept, Page St Wing, London SW1P2AR, 
England 

Norsk Forening for Medicinsk Radiologi. General Secretary, A. Skjen- 
nald, Ullevál sykehus, Oslo, Norway 

Nederlandse Vereniging voor Radiologie. Secretary, H. E. Schütte, 
Dept Radiology, Elizabeth Gasthuis, Haarlem, Netherlands 

Royal College of Radiologists. Secretary, P. D. Thomson, 28 Portland 
PI, London, W1N4DE, England 

Scandinavian Radiological Society. Secretary-General, C-E. Unnérus, 
Havsvindsv 5C, 02120 Esbo 12 (Hagalund-Tapiola), Finland 
Schweizerische Gesellschaft für Radiologie und Nuklearmedizin. So- 
clete Suisse de Radiologie et de Medecine Nucleaire. Secretary, G. A. 
Schoch, 7 Gellerstrasse, CH — 4052 Basel, Switzerland 

Sociedad Española de Radiologia y Electrologia Médicas y de Medicina 
Nuclear. Secretary-General, P. G. Barberá, Villanueva, Madrid 1, Spain 
Societá Italiana di Radiologia Medica e Medicina Nucleare. Administra- 
tive Secretary, R. Dall'Acqua, Ospedale Mauriziano, 10128, Torino, Italy 
Sociéte Francaise de Radiologie Médicale, Médecine Nucléaire et 
Electrologie. Secretary-General, J. Sauvegrain, Hópital des Enfants-Ma- 
lades, 149 Rue de Sèvres, 75730 Paris Cedex 15, France. 

Société Francaise de Neuroradiologie. Secretary-General, R. Djindjian, 
16, rue de l'Université 75, Pairs 7°, France 

Svensk Fórening fór Medicinsk Radiologi. Secretary, H. Ringertz, Dept 
Pediatric Radiology, Karolinska Sjukhuset, S— 104 01 Stockholm, Swe- 
den 


Africa 


Association of Radiologists of West Africa. Honorary Secretary, A. A. 
Obisen, Dept Radiology, University College Hospital, Ibadan, Nigeria 
Radiological Society of South Africa. Secretary, A. Visser, PO Box 
8850, Johannesburg, South Africa 

South African International Radiological Congress. Director, P. Snei- 
der, PO Box 4878, Johannesburg, South Africa. Durban Annual Con- 
gress: Oct 1978 
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Near East and Asia 


Bengal Radiological Association. Honorary Secretary, B. Chatterji, 262 
Rash Behari Ave, Calcutta 700019, India 

Indian Radiological Association. Honorary General Secretary, S. P. 
Aggarwal, 10-B Kasturba Ghandi Marg, New Delhi 110001, India 
Indonesian Radiological Society. Secretary, G. Sasmitaatmadja, Radiol- 


ogy Dept, University of Indonesia, Salemba 6, Jakarta, Indonesia 
Philippine College of Radiology. Secretary-Treasurer, A. Chavez, Box 
1284, Commercial Center, Makati, Rizal, D-708, Philippines 
Radiological Society of Thailand. Secretary, D. Prabbasawat, Dept 
Radiology, Siriraj Hospital Faculty of Medicine, Mahidol University, 
Bangkok 7, Thailand 

Royal Australasian College of Radiologists. Honorary Secretary, T. P. 
Loneragan, 45 Macquarie St, Sydney NSW 2000, Australia 
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Sy 


Not tomorrow. Synerview, 
our complete computed 
tomography system, is 
available now. And with 
our multiple financing 
capabilities through our 
parent C.I.T. Financial 
Corporation, Picker's 
Synerview can be yours. 
Today. 

We offer two configurations: the 
Synerview 12 and the Synerview 
12A, to best meet your individual 
operating and financial needs. 
The Synerview 12A, with an 
initial cost much less than most 
other CT units, is a very afford- 
able approach to computed tomog- 
raphy. And it offers these unique 
benefits: Preselected patient pro- 
tocols, three field sizes, scan speed 
variable from 12-60 seconds, four 
image display capabilities on a 
single CRT, linear and inverse 
linear gray scale viewing, image 
stacking, Picker's in-house archi- 
tectural planning and financial 
consultation. 

The Synerview 12 offers all the 
features of the Synerview 12A, 
including routine scanning at 
12, seconds, and then much more. 
The Synerview 12 also offers 
simultaneous scanning and view- 
ing, and up to 528 images stored 
on fast-access disk. In addition, 
there are a host of options avail- 
able that make this one of the 
most flexible diagnostic units in 
existence. 

And when you consider Picker's 
proven reputation for excellence 
in many diagnostic disciplines, 
and the solid investment/value 
ratio Synerview provides, it 
becomes the logical choice over 
any other CT unit. 


n 


Synerview is designed to aid the operator 
in achieving maximum patient through- 
put for optimum imaging quality. Patient 
positioning controls are conveniently 
located and disk and tape transport controls 
are within easy reach, aiding fast, 
smooth operation. 
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Townes projections are obtained by angling 
the patients head on a comfortable 
positioning device. This approach assures 
mechanical stability, clearer images and 
ease of patient handling. 





As an aid in interpreting 
images, the following Synerview 
features are provided: Black- 
and-white image viewing ol 
gray scale display, color-image 
viewing of color-spectrum display 
interactive keyboard for display 
control and image manipulations, 
horizontal-vertical cursor manip- 
ulation control, and much more. 





This Synerview of the pancreas was completed on a 52-year old 
female after administration of a dilute oral contrast agent. The 


$tudy revealed a cystic lesion in the body of the pancreas. Also, Multiple Synerviews of the chest were taken on a 26-year old 
clearly visualized are the liver, kidneys, renal vessels, great vessels, female without contrast enhancement. The study revealed 
SMA and spleen. (All Synerviews made at 135 kV, 36 mA and mass lesion in the left hilum. (All Synerviews made at 135 k\ 
12 seconds.) 36 mA and 12 seconds.) 





ancreas head, SMA, renal Pancreas body, SMA Left hilar mass Left hilar mass 


arteries, gallbladder 


e 





Cystic mass in body of pancreas Liver, contrast filled stomach Left hilar mass Left hilar mass 





Operator 


Station 

The Synerview operator 
console has a sit-down 
console with interactive 
keyboard, video display 
and scanner controls. The 
operator is in voice contact 
with the patient through- 
out the scan sequence by 
means of the intercom 
system at the operator's 
console and the scanner 
gantry. 

The operator's station 
contains an image verifi- 
cation monitor on which 
the last image processed is 
automatically displayed. 
This allows the operator to 
determine if the proper 
body position is being 
examined. 


Site Preparation 
Consultation is provided 
to assure appropriate site 
preparation for each Syner- 
view. This service assures 
maximum efficiency due 
to proper facilities layout. 


Installation 
Installation is performed 

by experienced teams so as 

to minimize disruption of 


hospital routines, and to 
assure a properly function- 
ing system right from the 
outset. Installation time is 
typically one week or less. 


Operator Training 
Picker provides complete 
support for all Synerview 
customers including com- 
prehensive training of your 
personnel on your machine. 





Serviceability 


Additionally, free courses 
are conducted at the James 
Picker Center for Continu- 
ing Education in Cleveland. 
Your Picker representative 
will provide additional 
information on this unique 
opportunity. 


Service 
A special service engi- 
neer, part of a Synerview 


PICKER 
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Viewing 
Station 

Synerview's viewing 
console is a separate and 
independent console 
designed for image selec- 
tion, viewing, manipula- 
tion and filming. 

Included in the view- 
ing console are black-and- 
white and color-imaging 
viewing monitors, inter’ 
active keyboard with win- 
dow, level and cursor con- 
trols plus a hard-copy 
camera back and video 
monitor combination. 





service force experienced 
in computer systems main- 
tenance, is assigned to your 
area. Swift, dependable serv- 
ice is always close by. 


For additional 


information 

Consult your Picker rep- 
resentative or write Pickez 
Corporation, 595 Minet 
Road, Cleveland, OH 44143. 
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One nice feature of th 
filmchanger is that, to 
bring magnification u 
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..you simply bring the PUCK down. 


The Puck is quite a 
remarkable cutfilm 
changer. It's economical, 
it's mobile and it's com- 
pact— only 6% inches 
thick. Yet, it produces 
superb image quality for 
abdominal, peripheral, 
thoracic and cerebral 
angiography. With up to 
3 exp/sec and with 20 
film capacity. With patient identification and 
sequential numbering of each film. 

But, that’s just the beginning. 

An available stand allows Puck to travel 
400mm (approx. 16") vertically and to be tilted 
for frontal and lateral projections. By lowering 
Puck while it's under a table without vertical 
adjustment, you can select up to approxi- 
mately 2:1 magnification. With a vertically 
adjustable table the range of magnification 
is increased. 

No other rapid filmchanger offers this 
advantage. 

In addition to magnification, Puck offers 
very low x-ray attenuation and perfect screen/ 
film contact. Our new CFRP front plate makes 
this possible. This unique Carbon Fiber Rein- 
forced Plastic plate makes no compromise 
between x-ray attenuation and screen/film 
contact. Together with today’s micro-focus 
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When a better idea in filmchangers comes along, it will come from us. 





tubes and rare earth 
screens, the CFRP lends 
itself very well to the 
magnification capabil- 
ities of Puck. 

And no other com- 
—- pact changer offers this 
ES advantage. 

— In addition to com- 
pact size, increased 
magnification, and the 
CFRP plate, Puck offers the convenience and 
accuracy of punch card programming. Punch 
card programming allows you to pre-deter- 
mine the number of films in a series, and to 
split a magazine load on two or more runs. 
The card can also correlate the filmchanger 
with the injector and control the movements 
of a programmed table. In biplane, only one 
punch card is necessary to operate frontal 
and lateral changers, and they can be pro- 
grammed for alternate or simultaneous 
exposures. 

Puck is available in two models to fit 
film sizes of 35 x 35cm or 24 x 30cm. See 
how Puck can fit into your special procedure 
room. 

For detailed information about Puck cut- 
film changers and stands, write Elema- 
Schonander, Inc. 699 Lively Blvd., Elk Grove 
Village. IL. 60007. Or call (312) 593-6770. 
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Direct tendibdis 
with the RSI Magnigraphic System provides 


more diagnostic information. 


Adult patient whose chronic leg ulceration presented 

a question of underlying osteomyelitis. Conventional 
radiograph (A) demonstrates thick periosteal new bone 
along shaft of tibia with overlying soft-tissue 

ulceration. Magnification radiograph (B) demonstrates 
fine, spiculated periosteal new bone formation not 
visible on conventional radiograph, extending into - 
adjacent soft tissue. The slightly rotated magnification 
view indicates an evolving process and supports a 
diagnosis of active osteomyelitis. 


Technique on (A) Technique on (B) 
60 kV 60 kV 
600 mA 3 mA 
5 seconds ] second 
40" SID 24" SID 
Non-screen Rare earth film/ 
film technique screen technique 


The RSI Magnigraphic System 

reveals pathology beyond the imaging capability of 
conventional contact radiography 

brings to light subtle and minute anatomic changes 
resolves marginal, equivocal and nonspecific findings 
substantially reduces quantum mottle and increases 
resolution in magnification radiography using rare earth 
film/screen combinations 
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THE RSI 
MAGNIGRAPHIC 
fee SYSTEM FOR DIRECT 
|. RADIOGRAPHIC 
— MAGNIFICATION 
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VALUE OF DIRECT MAGNIFICATION IN 215 aami 





DISORDER NO. OF CASES NOT HELPR 3 
ARTHRITIS 39 

METABOLIC 32 
"INFECTION 34 
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LINICAL STUDY: 
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Produces imagesof 
extremely high resolution, 
excellent contrast 

and minimum noise 


An increasing number of investiga- 
tors are demonstrating that the RSI 
Magnigraphic System produces 
diagnostic images of exceptionally 
high resolution, excellent contrast 
and minimum quantum mottle— 
especially when used with ultra 
high speed rare earth film/screen 
combinations. 


Wide range 

e e e e 
of clinical applications 
The RSI Magnigraphic System has 
the potential to improve detection, 
diagnosis and serial assessment in a 
wide variety of clinical conditions. 
These include: 


DIRECT MAGNIFICATION 


Clinical assessment of 215 skeletal x-ray 
examinations—85 of thin body parts and 130 
of thick parts—demonstrated that direct mag- 
nification performed with the RSI Magnigraphic 
system was helpful in reaching a diagnosis 





O detection of metabolic, neoplastic 
and infectious bone disease. For 
example, the RSI System makes it 
possible to detect early periosteal and 
cortical changes caused by break- 


through of bone tumor into soft tissue. 


L] assessment of subtle resorptive 
changes within the joint in early 


in 56% of the cases and essential in 14%. 
Moreover, in evaluating arthritic, metabolic and 
infectious bone disorders, direct mag- 
nification with the RSI System was helpful 

in more than half of the cases, and was 
considered essential in close to one quarter. * 


"Genant HK, et a/: Radiology 123: 47-55, April 1977 


rheumatoid arthritis 

O identification of tiny metaphyseal 
chip fractures often not evident on 
routine radiographs 

O assessment of patients with facial 
trauma before plastic surgery, as well 
as baseline preoperative evaluations 
before orthopedic procedures 
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The ideal focal spot 


Instead of the helical filament of con- 
ventional x-ray tubes, the electron 
gun of the RSI Magnigraphic System 
employs a smooth, solid, circular 
cathode which permits precise focus- 
ing of the electron stream down to the 
desired focal spot size. The result is a 
"nominal" focal spot diameter of 0.09 
mm, considerably smaller than the 
smallest focal spot of conventional 
tubes. 

In contrast to conventional tubes 


which suffer significant loss of quality 
at the cathode end of the film, the 
electron optics and 45? target angle of 
the RSI Magnigraphic System main- 
tain essentially uniform image quality 
over the entire image plane. 

The target angle of the anode has 
been set at 45? to maintain the circu- 
lar beam symmetry and virtually 
eliminate the heel effect. There is no 
double peaking and essentially no 
off-focus radiation. The result is an 
image source of near-perfect charac- 
teristics for direct magnification—an 


image source capable of providing 
high-resolution, high-contrast radio- 
graphs of greatly enhanced diag- 
nostic value. 

For complete clinical and technical 
information on the RSI Magnigraphic 
System, write to Radiologic Sciences 
Inc., 2920 Coronado Drive, Santa 
Clara, CA 95051. Or telephone 408- 
247-5180 


RADIOLOGIC SCIENCES INC. 


A SUBSIDIARY OF PFIZER INC. Gu» 
SANTA CLARA CA 95051 


ELECTRON GUN OF RSI MAGNIGRAPHIC SYSTEM 


Cathode with 
smooth circular 
emitting surface 
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A new dimension is added to the practice of angiography with 
the publication of this comprehensive volume. The text is 
divided into three sections: Basics, Techniques, and Patterns. 
The first section covers the roles of the patient, the doctor and 
the equipment. It also deals with the programming of standard 
studies, including suggestions for catheter curves, wire, 
amount of contrast and rate of filming. The second section 
covers specific angiographic methods. The rationale for the 
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| | Choose from three new additions to GE's proven line of constant load radiographic : E 


"5 generators: MPX is available in 125 kW, 100 kW and 80 kW rated systems. _ 
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..to obese adult 








MPX computerized generators offer the 
world's first programmed whole body technic 
management system for any size patient. 


Now your department can be assured of consistent, under the radiographer’s control. Standardized 
high quality radiographs for a wide range of departmental technics can be programmed upon 
procedures. Including Automatic Exposure Control installation. And any programmed setting may be 
and fixed time technics. It's all possible with GE's overridden when professional judgment warrants. 
new MPX computerized generator and new More operating precision. Fewer errors and costly 
Quantamatic tx™ technic management system. retakes. Full range, whole body capability. 
Quantamatic tx offers over 200 programmed standardized results. Get them all with MPX 
technics for each of three body sizes. You get more generators and Quantamatic tx. Contact your 
precise performance —from infant to obese adult, GE representative. 


lateral to oblique, spine to distal extremities. General Electric Medical Systems, 
Yet this anatomically-coordinated system is totally | Milwaukee, Toronto, Madrid. 
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If these six people don't impress you, 


maybe the 
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These people aren’t actors. They 
are real people doing real jobs for 
real companies. 

Take Joseph Minikovsky, for 
example (top left), an electronic 
maintenance engineer. He has 
learned to use one hand the way 
most people in his field have to use 
two. As quickly, as efficiently, as 
accurately. He's a crackerjack 
technician and the National Broad- 
casting Company knows it. Yes, he 
works for NBC. 

Robert Thompson (top center) 
is a mechanical engineer. At Syska 
& Hennessy in New York. 

Frank Gaal (top right), a ma- 
chine operator for Con Edison. 

James Withers (bottom left), 
an administrative assistant with 
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Control Data Corporation. 
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Mildred Hudson (bottom cen- 
ter), a coding and terminations 
clerk for Standard Security Life 
Insurance. 

And Thomas Clancy (bottom 
right) is one of the best computer 
programmers New York Univer- 
sity ever had. 

They’re all working. At jobs 
they enjoy. For companies who are 
very grateful to have them. 

You see, despite their obvious 
disabilities, these people are 
skilled, hard-working men and 
women. And traits like that are 
hard to come by these days. (Ms. 
Hudson’s supervisor told us she 
was one of only three people in 
their company who made itto work 











on 





during a heavy snowstorm.) 

It takes a lot of determination 
and many months of rehabilita- 
tion to get where these people are. 

But it takes very little more 
than a letter to find people like 
them and hire them. 

The Director of Vocational Re- 
habilitation in your state has a file 
of skilled, trained, rehabilitated 
people in every field. Ready, will- 
ing and able to work. 

Write to him, next time you 
have an opening. His office is in 
your state capital. 

And join the impressive ranks 
of Con Edison. And NBC. And 
Syska & Hennessy. And Control 
Data. And Standard Security Life. 
And NYU. 


Write the Director of Vocational Rehabilitation in your State Capital. 


A Public Service of This Magazine & The Advertising Council Ad 





For Double Contrast Stomachs, Use 


"E-Z-HD 


High Density with High Fluidity 
Barium Sulfate for Suspension USP 


Double contrast radiography appears to 
offer the potential for significant 
improvements in diagnostic accuracy. 








Double contrast studies of the stomach 
best demonstrate the surface pattern of 
the stomach (areae gastricae). This leads 
to improved detection of superfical 
erosions and ulcers, malignancies, 
polyps and other benign tumors, and 
ulcer scars. 


E-Z-HD barium sulfate provides the basic 
ingredient necessary for good double 
contrast of the stomach. 


The higher the density of the barium 
suspension, the better the coating, 
E-Z-HD allows for the highest density 
suspension of any commercial product 
on the market today: 85% w/w, 250% 
w/v. E-Z-HD achieves this density while 
remaining fluid for ease of administration. 


e High density 
e High fluidity 
e Palatable 
e Unit dose convenience. 

E E-Z-HD — The barium for the double 
NOTE THE ANTRAL ED AND THE LACELIKE AREAE pene THEBOPFOE THE STOMACH contrast examination of the stomach 
Film. courtesy of Robert E. Koehler, M.D. Washington University, Dep't. of Radiology. St Louis, Missouri and duodenum. 





Optimal Density & Fluidity for the Modern 
Double Contrast Examination of the 
Stomach and Duodenum 


Refrences: For Further Information Write: 
David W. Gelfand: The Japanese-Style Double Contrast, Exami- 
nation of the Stomach, Gastrointest Radiol. 1, 7-17 (1976) 


Igor Laufer: The Diagnostic Accuracy of Barium Studies of the E-Z-EM 7 Portland Ave. 

Stomach and Duodenum — Correlation with Endoscopy, 

Radiology 1 15: 569-573, June 1975 Westbu ry, New York 11590 
Roscoe E. Miller: The Air Contrast Stomach Examination: an (516) 333 8230 


overview. Radiology 117: 743-744 Dec. 1975 
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Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you dont 


CONTRAST MEDIUM 


With Salpix as your contrast medium, your gynecologic pa- 


tient needn't undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body SRADEMARK 


reactions, yet it provides the viscosity needed for adequate sac. cc contains: 
kapeni ta p y 4 sodium acetrizoate 0.53 g and 


polvvinylpyrrolidone 0.23 g 


Contraindications: Contraindications to hysterosalpingography include the 
presence of severe vaginal or cervical infections, existing or recent pelvic 
infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 
cedure is contraindicated during the immediate pre- or post-menstrual phase. 


Sensitivity Test: If indicated in the patient's history, an intracutaneous skin test 
or sublingual absorption observation may be done with 0.1 cc Salpix 


Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 
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high resolution 100mm. spot filming 


brilliant television fluoroscopy 


puts your present equipment 
a generation ahead 


Ask your x-ray dealer for complete 
information or contact: 


Machlett Laboratories, Incorporated 
1063 Hope Street 


Stamford, Connecticut 06907 
(203) 348-7511 [4 Raytheon Company ) 





Foremost in its field- 


The TP #4 
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This totally integrated, urn rey system is 
theanswer to requirements for speed and 
precision in treatment planning. ASK US! 


Atomic Energy 
of Canada Limited 


Commercial Products 


P.O. Box 6300, Ottawa, Canada, K2A 3W3 
Tel. 613/592-2790 * Cable Nemota * Telex 053-4162 
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Clean bowel means clear picture. X-PREP Liquid 
is designed specifically for preradiographic bowel cleansing — 
without enemas, suppositories, or overhydration. 


Good-to-excellent visualization is usually obtained 
with a single, simple dose." No residual oil droplets 
(as is often the case with castor oil) obscure the picture. 


Pleasant taste of X-PREP Liquid meets with high patient 
acceptance.* Simplicity and ease of administration 
are appreciated by the patient at home, by 


the nursing staff at the hospital. 
*References available on request. 


ne step-One dose One bottle 


-PREP Liquid 


standardized extract of senna fruit) 


o prep the bowel for radiography 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 


FRIGHT 1971, GRAY PHARMACEUTICAL CO. /NORWALK, CONN, 06856 B6374 124473 
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— excellent image quality 


— minimal myocardial toxicity" 
"... Renografin-76 is eminently suitable as 
a radiopaque agent for coronary angiog- 
raphy. The film quality was good in every 


instance, while serious adverse effects were eric red AE, 


absent in this series of 723 patients. [here coronary arteriography 
was a 1% incidence of complications due E 
to the contrast agent (cardiac arrest in 3 
and ventricular fibrillation in 5 cases) and a 
4% incidence of cardiac complications due 
to catheterization in this series of patients? 


“Gensin. GG Kelly. AE Reassessment of contrast agent for coronary 
angiography Current Therapeutic Research 19 631-636 1976 


selective visceral 
See next page for brief summary. arteriography 
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RENOGRAFIN*-76 
Diatrizoate Meglumine and Diatrizoate Sodium Injection USP 


Renografin-76 (Diatrizoate Meglumine and Diatrizoate Sodium Injection 
USP) is supplied as a sterile, aqueous solution providing 6696 diatrizoate 
meglumine and 10% diatrizoate sodium with 0.3296 sodium citrate as a buffer 
and 0.0496 edetate disodium as a sequestering agent. The solution contains 
approximately 3796 (370 mg/ml) bound iodine and approximately 4.48 mg 
(0.19 mEq) sodium per ml (89.6 mg / 20 ml). 


CONTRAINDICATIONS: In patients with a hypersensitivity to salts of diatri- 
zoic acid. Urography contraindicated in patients with anuria. 


WARNINGS: A definite risk exists in the use of intravascular contrast 
agents in patients with multiple myeloma. There has been anuria with 
progressive uremia, renal failure and death. This risk of the procedure in 
these patients is not a contraindication; however, partial dehydration in 
preparation for study is not recommended since it may predispose to 
precipitation of myeloma protein in renal tubules. No therapy, including 
dialysis, has been successful in reversing this effect. Myeloma should 
be considered in persons over 40 before intravascular administration of 
a contrast agent. 

In cases of known or suspected pheochromocytoma, if the physician feels 
that the possible benefits outweigh the considered risks, radiopaque materi- 
als should be administered with extreme caution; however, an absolute min- 
imum of material should be injected, the blood pressure should be assessed 
throughout the procedure, and measures for treating a hypertensive crisis 
should be available. 

Contrast media may promote sickling in homozygous individuals when 
injected I.V. or intra-arterially. Although a history of sensitivity to iodine per se 
or to other contrast media is not an absolute contraindication, administration 
of diatrizoate requires extreme caution in such cases. Perform thyroid func- 
tion tests prior to administration of this preparation since iodine-containing 
contrast agents may alter the test results. 

Weigh the inherent risks against necessity for performing angiocardi- 
ography in cyanotic infants and patients with chronic pulmonary emphy- 
sema. In pediatric angiocardiography, a dose of 10 to 20 ml may be particu- 
larly hazardous in infants weighing less than 7 kg; this risk is probably 
significantly increased if these infants have pre-existing right heart "strain," 
right heart failure, and effectively decreased or obliterated pulmonary vascu- 
lar beds. Perform urography with extreme caution in persons with severe 
concomitant hepatic and renal disease. Perform selective coronary arteri- 
ography only in selected patients and those in whom expected benefits out- 
weigh the procedural risk. Perform selective visceral arteriography with 
extreme caution in presence of severe generalized atherosclerosis, specifi- 
cally with plaques or aneurysms at level of iliac or femoral arteries. 


PRECAUTIONS: Diagnostic procedures involving use of contrast agents 
should be performed under the direction of personnel with prerequisite train- 
ing and a thorough knowledge of the particular procedure (see ADVERSE 
REACTIONS). Severe life-threatening reactions suggest hypersensitivity to 
the contrast agent. A personal or family history of asthma or allergy or a 
history of a previous reaction to a contrast agent warrants special attention 
and may predict more accurately than pretesting the likelihood of a reaction 
although not the type nor severity of the reaction in the individual. The value 
of any pretest is questionable. The pretest most performed is the slow I.V. 
injection of 0.5 to 1.0 ml of the preparation prior to injection of the full dose; 
however, the absence of a reaction to the test dose does not preclude the 
possibility of reaction to the full diagnostic dose. Should the test dose pro- 
duce an untoward response, the necessity for continuing the examination 
should be carefully re-evaluated; if deemed essential, examination should 
proceed with all possible caution. In rare instances, reaction to the test dose 
may be extremely severe; therefore, close observation and facilities for emer- 
gency treatment appear indicated. 

Renal toxicity has been reported in a few patients with liver dysfunction 
who were given oral cholecystographic agents followed by urographic 
agents; therefore, if known or suspected hepatic or biliary disorder exists, 
administration of Renografin-76 (Diatrizoate Meglumine and Diatrizoate So- 
dium Injection USP) should be postponed following the ingestion of chole- 
cystographic agents. Use cautiously in severely debilitated patients and in 
those with marked hypertension. Bear in mind the possibility of thrombosis 
when using percutaneous techniques. Consider the functional ability of the 
kidneys before injecting the contrast agent. Since contrast agents may inter- 
fere with some chemical determinations made on urine specimens, collect 
urine before or two or more days after administration of the contrast agent. 

In excretion urography, adequate visualization may be difficult or impos- 
sible in uremic patients or others with severely impaired renal function (see 
CONTRAINDICATIONS). In aortography repeated intra-aortic injections may 
be hazardous; this also applies to pediatric angiocardiography particularly in 
infants weighing less than 7 kg (see WARNINGS). In peripheral arteri- 
ography, hypotension or moderate decreases in blood pressure seem to 
occur frequently with intra-arterial (brachial) injections; this is transient and 
usually requires no treatment. Monitor blood pressure during the immediate 
10 minutes after injection. It is recommended that se/ective coronary arteri- 


ography not be performed for about 4 weeks after diagnosis of myocardial 
infarction; mandatory prerequisites to this procedure are experienced per- 
sonnel, ECG monitoring apparatus, and adequate facilities for immediate 
resuscitation and cardioversion. 

Usage in Pregnancy: Use Renografin-76 (Diatrizoate Meglumine and Diatri- 
zoate Sodium Injection USP) in pregnant patients only when the physician. 
deems its use essential to the welfare of the patient since safe use during 
pregnancy has not been established. 


ADVERSE REACTIONS: Adverse reactions accompanying intravascular 
use of iodine-containing contrast agents are usually mild and transient al- 
though severe and life-threatening reactions (including fatalities) have oc- 
curred. Because severe reactions to the procedure and/or to the contrast 
agent are possible, appropriate emergency facilities and well-trained person- 
nel should be available and should remain available for 30 to 60 minutes 
following the procedure to treat the reaction since severe delayed reactions 
have been known to occur. 

Nausea, vomiting, flushing, or a generalized feeling of warmth are the 
reactions seen most frequently with intravascular injection. Symptoms which 
may occur are chills, fever, sweating, headache, dizziness, pallor, weakness, 
severe retching and choking, wheezing, a rise or fall in blood pressure, facial 
or conjunctival petechiae, urticaria, pruritus, rash and other eruptions, 
edema, cramps, tremors, itching, sneezing, lacrimation, etc. Antihistaminic 
agents may be of benefit; rarely, such reactions may be severe enough to 
require discontinuation of dosage. There have been a few reports of a burn- 
ing or stinging sensation or numbness, of venospasm or venous pain, and of 
partial collapse of the injected vein. Neutropenia or thrombophlebitis may 
occur. Severe reactions which may require emergency measures are a pos- 
sibility and include cardiovascular reaction characterized by peripheral 
vasodilatation with hypotension and reflex tachycardia, dyspnea, agitation, 
confusion, and cyanosis progressing to unconsciousness. An allergic-like 
reaction ranging from rhinitis or angioneurotic edema to laryngeal or bron- 
chial spasm or anaphylactoid shock may occur. Temporary renal shutdown 
or other nephropathy may occur. 

Adverse reactions as a consequence of excretion urography include car- 
diac arrest, ventricular fibrillation, anaphylaxis with severe asthmatic reac- 
tion, and flushing due to generalized vasodilatation. Risks of aortography 
procedures include injury to aorta and neighboring organs, pleural puncture, 
renal damage (including infarction and acute tubular necrosis with oliguria 
and anuria), accidental selective filling of right renal artery during trans- 
lumbar procedure in presence of pre-existent renal disease, retroperitoneal 
hemorrhage from translumbar approach, spinal cord injury and pathology 
associated with syndrome of transverse myelitis, generalized petechiae, and 
death following hypotension, arrhythmia, and anaphylactoid reactions. In 
pediatric angiocardiography, arrhythmia and death have occurred. During 
peripheral arteriography, hemorrhage from puncture site, thrombosis of the 
vessel, and brachial plexus palsy (following axillary artery injection) have 
occurred. During selective coronary arteriography and selective coronary 
arteriography combined with left ventriculography, transient ECG changes 
(most patients); transient arrhythmias (infrequent); ventricular fibrillation 
(from manipulation of catheter or administration of medium); hypotension; 
chest pain; myocardial infarction; transient elevation of creatinine phos- 
phokinase (occurred in about 3096 of patients tested); fatalities have been 
reported. Complications due to the procedure include hemorrhage, throm- 
bosis, pseudoaneurysms at puncture site, dislodgment of arteriosclerotic 
plaques; dissection of coronary vessels and transient sinus arrest have oc- 
curred rarely. Adverse reactions in selective renal arteriography include nau- 
sea, vomiting, hypotension, hypertension, and post-arteriographic transient 
elevations in BUN, serum creatinine and glucose. Complications of selective 
visceral arteriography include hematomas, thrombosis, pseudoaneurysms at 
injection site, dislodgment of arteriosclerotic plaques; other reactions may 
include urticaria, hypotension, hypertension, and insignificant changes in 
renal function and liver chemistry tests. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: Available in 20 ml and 50 ml single-dose vials and in 100 
ml and 200 ml single-dose bottles. ©1977 E. R. Squibb & Sons, Inc. H627-503 
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SIREP is the solution to the old aom 
of dictate and wait. 

The radiologist, instead of dictating his 
findings, simply selects words and phrases from 
a comprehensive vocabulary of diagnostic, 
anatomical and pathological terms. Once the 
report is viewed on a monitor screen and | 
confirmed by the radiologist, SIREP prints 
out multiple hard copies in a matter of — 
seconds. 

To make things even easier, preferred 
wording for routine reports can be programmed 
into SIREP's memory-recall bank. 

If you're tired of watching your million 
dollar X-ray department move at the speed of 
your typing pool, get in touch. We'll send you 


complete information on SIREP, the system 
that takes the delays and expense out of 


- radiology reporting. 


Contact your Siemens representative, 
or write to Siemens Corporation, 
Medical Systems Division, 
186 Wood Avenue South, Iselin, N.J. 08830, 
(201) 494-1000. In Canada: Siemens 
Canada Limited, P.O. Box 7300, 
Pointe Claire 730-P.Q. 


SIEMENS 











IN TODAY'S RADIOGRAPHY AND THE 

NEW DIAGNOSTIC MODALITIES, OUR 
IMAGING PRODUCTS CAN BE THE 
SOLUTION TO YOUR IMAGING PROBLEMS. 


Kodak’s experience in making quality products for photographic and 
radiographic images goes back many years. And today, that same exper- 
tise and technology is being applied to the new diagnostic modalities. 
The result is a combination of high image quality with speed, efficiency, 
and economical performance. 


As always, the strength of Kodak's In Kodak X-Omatic cassettes, for ex- 
imaging technology is in radiography. ample. Durable, lightweight, easy to use. 

In Kodak medical x-ray films, for And for the changing needs of the 
example. A variety of films for your spe- new world of diagnostics, Kodak offers 
cific needs, each designed to provide high films for recording the information gen- 
image quality. Films for general radiog- erated by these new technics. Films for 
raphy. Films for special imaging technics: nuclear medicine...for recording multi- 
duplication, subtraction, spot filming, ple, single, or dynamic images. . .with sin- 
photofluorography, and cinefluorography. gle and double emulsions . ..with spectral 
And many others, including Kodak rare sensitivities compatible with cathode-ray 
earth screens and films and a screen tube displays. Films for CT scanning. .. 
and film for mammography. for ultrasound .. . for thermography that 

In Kodak automatic processors, for can capture a wide range of gray tones. 
example. The 90-second high-volume For more information, contact your 
Kodak RP X-Omat processor, model x-ray products dealer. Or write: Eastman 
M6A-N, and the smaller 150-second Kodak Kodak Company, Dept. 740-B, Rochester, 
RP X-Omat processor, model M7A, that New York 14650. 


uses ta ter to wash films. Both can use 
Kodak's carefully formulated renia hm Bye | 


that offer potential economies through 
1 RADIOGRAPHY « COMPUTERIZED TOMOGRAPHY 
lower replenishment rates. ULTRASOUND + NUCLEAR MEDICINE * THERMOGRAPHY 
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Until now, ultrasound as a diagnostic 
tool has been viewed as a beautiful 
idea...attractive for many reasons, 
with great potential for expanding 
your diagnostic capabilities... but 

still more of an art than a science. 

Now the new Litton 300L com- 
puterized tri-mode ultrasound system 
has transformed this idea into 
beautiful reality. 

The Litton 300L computer permits 
the operator to select more process- 
ing procedures, automatically 
enhances the data and improves 
accuracy of distance measurements. 
The number of controls needed has 
been reduced and total patient 
processing simplified. 

No elaborate set-up time. Faster 
patient thruput. 
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Modular and mobile. Control con- 
sole and twin TV monitors can be 
individually positioned for optimum 
viewing ease. In fact, the compact 
modularity of the Litton 300L is 
what makes it so beautiful. 

Clinical usefulness improves, 
reproducibility of images is 
enhanced and serial examinations 
can be accurately done by the 
Litton 300L. Zoom circuitry lets the 
operator visualize an area of interest 
without loss of reference. 

If you have been considering 
ultrasound but wanted more science 
and less art, let the new Litton 300L 
show you the perfect marriage: 
human-engineered ultrasound with 
computer assistance. 

Ask your Litton representative or 
write for a comprehensive brochure. 





makes ultrasound beautifully simple. 


Litton 


Medical Systems 





Technology, resources, people 
committed to mankind’ better health. 

















EMI IS BUILDING 


ON PERFORMANCE...NOT PROMISES; 
EXPERIENCE...NOT EXPEDIENCY. 


If you plan a CT acquisition this 


year, chances are you'll hear a lot 


of “generation” talk, engineering 
Specs, promises and claims. But 


the truth is, when you ve examined 


all the facts, no CT company 


today has more to offer than EMI: 


proven technology, superior 
image quality, demonstrated 
upgradability, dedicated CT 
service network and a decade of 
CT experience. 


The EMI CT5005 System is — 
unquestionably —the best, most 


proven, general diagnostic fast 
scanner today. Unmatched 
record of reliability, diagnostic/ 
performance flexibility and 
dedication to image quality. 


EMI-Scans display significantly 
more clinical data than scans 


produced on competitive 
equipment. Exquisite anatomical 
detail. Optimum spatial and 
density resolution. Compare. 


EMI's record of performance is 


unequaled in the industry... more 





installations, more fast-scan 

systems, more upgrades and 

more patient scans than all the 

competition. 

e Over 800 CT systems installed 
or on order; 

e 220 CT5005 fast-scan units in 
place; 

e Over 100 system upgrades 
completed to date; 


e 3 million patient studies on 
record: 


e 10 years of CT experience 
and know-how. 








Standard of the Industry. 


EMI Medical 


EMI has the largest, most 
experienced CT service 
organization in the world. Over 500 
orofessionals dedicated to 

customer training, service and 
support. A nationwide network of 
highly skilled field service personnel 
has ready access to local inventories 
of spare parts to minimize downtime 
and insure prompt response. 





EMI achievements continue to 
pace the CT industry. FIRST CT 
scanner: FIRST fast-scan, general 
purpose system; FIRST upgrade 
program, FIRST trade-in 
program; FIRST redeveloped, 
low-cost CT system; FIRST mobile 
CT scanner ...and thats just the 
beginning. 


EMI's continuing investment in 
research and development reflects 
dedicated responsiveness to the 
needs of the medical community: 
image quality, patient safety, 
operational efficiency and economy 


EMI Medical Inc, 3605 Woodhead Drive, Northbrook, IL 60062 


A member of EMI group. International leader in music, electronics and leisure 
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Scan without contrast 
medium shows a faint 
area of decreased 
density (arrow) in the 
medial aspect of the 
right occipital lobe with 
no accompanying mass 
effect. 





Use of this Contrast —Identifies lesions not seen on plain CT scans. 
medium to enhance CT —More specifically defines nature, size and 
brain scans 'revealed maa 
both an increased —Aids in detection of aneurysms, arteriovenous 
detectability and an n diagnosis of other intracranial pathoiooy, — 
improved pathologic —Rules out the presence of tumor in suspicious 
ditfer entiation areas which may otherwise not have been 

of many lesions.”* satisfactorily visualized. 


“Davis KR: Massachusetts General Hospital, Boston. 
MA. Personal communication. 
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Reno-M-DIP(Diatrizoate Meglumine Injection USP) for drip infusion 
provides a sterile, aqueous solution of 30% diatrizoate meglumine 
which contains approximately 14% (42.3 g per 300 ml) bound iodine 
and 0.04% edetate disodium (sequestering agent). The solution 
contains approximately 0.054 mg (0.002 mEq) sodium per ml 

(16.2 mg/300 ml). 

CONTRAINDICATIONS: Contraindicated in patients hypersensitive 
to salts of diatrizoic acid and in patients with anuria 

WARNINGS: A definite risk exists in the use of I.V. contrast 
agents in patients with multiple myeloma. There has been anuria 
with progressive uremia, renal failure and death. This risk of the 
procedure in these patients is not a contraindication; however, 
partial dehydration in preparation for study is not recommended 
since it may predispose to precipitation of myeloma protein in 
renal tubules. No therapy, including dialysis, has been successful 
in reversing this effect. Myeloma should be considered in persons 
over 40 before I. V. administration of a contrast agent. 

In cases of known or suspected pheochromocytoma, if the physician 
feels that the possible benefits outweigh the considered risks, 
radiopaque materials should be administered with extreme caution: 
however, an absolute minimum of material should be injected, the 
blood pressure should be assessed throughoutthe procedure, and 
measures for treating a hypertensive crisis should be available. 

Contrast media may promote sickling in homozygous individuals 
when injected I.V. or intra-arterially. Use diatrizoate meglumine with 
extreme caution in persons with severe concomitant hepatic and 
renal disease. Perform thyroid function tests prior to administration of 
diatrizoate meglumine since iodine-containing contrast agents may 
alter the test results. Although a history of sensitivity to iodine per se or 
to other contrast media is not an absolute contraindication, 
administration of diatrizoate meglumine requires extreme caution in 
such cases. 

PRECAUTIONS: Diagnostic procedures involving use of contrast 
agents should be performed under the direction of personnel with 
prerequisite training and a thorough knowledge of the particular 
procedure (see ADVERSE REACTIONS). Severe life-threatening 
reactions suggest hypersensitivity to the contrast agent. A personal or 
family history of asthma or allergy or a history of a previous reaction to 
a contrast agent warrants special attention and may predict more 
accurately than pretesting the likelihood of a reaction although not the 
type nor severity of the reaction in the individual. The value of any 
pretest is questionable. The pretest most performed is the slow I. V. 
injection of 0.5 to 1.0 ml of the preparation prior to injection of the full 
dose; however, the absence of a reaction to the test dose does not 
preclude the possibility of reaction to the full diagnostic dose. Should 
the test dose produce an untoward response, the necessity for 
continuing the examination should be carefully re-evaluated: if 
deemed essential, examination should proceed with all possible 
caution. In rare instances, reaction to the test dose may be extremely 
severe; therefore, close observation and facilities for emergency 
treatment appear indicated. 

Donot exceed recommended rate of infusion. Renal toxicity has 
been reported in afew patients with liver dysfunction who were given 
oral cholecystographic agents followed by urographic agents; 
therefore, if known or suspected hepatic or biliary disorder exists, 
diagnostic infusion studies should be postponed following the recent 
ingestion of cholecystographic agents. The diuretic effect of the drip 
infusion procedure may hinder an assessment of residual urine in the 
bladder. Consider the functional ability of the kidneys before injecting 
diatrizoate meglumine. Adequate visualization may be difficult or 
impossible in uremic patients or others with severely impaired renal 
function. Contrast agents may interfere with some chemical 
determinations made on urine specimens; therefore, collect urine 
before or two or more days after administration of the contrast medium 

Usage in Pregnancy: This preparation should be used in pregnant 
patients only when the physician deems its use essential to the welfare 
of the patient since safe use during pregnancy has not been 
established 
ADVERSE REACTIONS: Adverse reactions accompanying |.V. use 
of iodine-containing contrast agents are usually mild and transient 
although severe and life-threatening reactions (including fatalities) 
have occurred. Because severe reactions to the procedure and/or to 
the contrast agent are possible, appropriate emergency facilities and 
well-trained personnel should be available and should remain 
available for 30 to 60 minutes following the procedure to treat the 
reaction since severe delayed reactions have been known to occur 

Reactions most frequently encountered with contrast agents by 
drip infusion are nausea and urticaria. Chills, metallic taste, vomiting, 
dizziness, a rise or fall in blood pressure, itching, flushing, or 
generalized feeling of warmth, sneezing, etc. may occur and, rarely, 
may be severe enough to require discontinuation of dosage. Severe 
reactions which may require emergency measures include 
cardiovascular reaction characterized by peripheral vasodilatation 
with hypotension and reflex tachycardia, dyspnea, confusion, and 
cyanosis progressing to unconsciousness. An allergic-like reaction 
ranging from rhinitis or angioneurotic edema to laryngeal or bronchial 
spasm or anaphylactoid shock may occur. Temporary renal 
shutdown or other nephropathy may occur. Although local tissue 
tolerance to diatrizoate meglumine is usually good, I.V. injection of the 
medium in a more concentrated formulation has produced a few 
instances of a burning or stinging sensation and of venospasm or 
venous pain. 

For full prescribing information, consult package insert 
HOW SUPPLIED: Available in single-dose bottles of 300 ml. 


©1977 E. R. Squibb & Sons, Inc. H657-503 
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THE FUNDAMENTALS OF X-RAY AND RADIUM 
PHYSICS (6th Ed.) by Joseph Selman, Tyler Junior College, 
Tyler, Texas. Now in its Sixth Edition, this classic volume has 
again been revised and enlarged to accommodate a constantly 
changing field. The development of new types of intensifying 
screens, both as modifications of existing phosphors and in the 
form of completely new rare earth phosphors, is discussed in 
great detail. Also receiving special attention is the advent of a 
practical 350-kV unit for chest radiography using a field emis- 
sion tube, the Bureau of Radiological Health report on popula- 
tion exposure to x-rays in radiography, and the proposed new 
International System of Units (SI). Amplified discussions are 
given for such items as focal spot evaluation, modulation 
transfer function, new types of intensifying screens, direct mag- 
nification in small vessel angiography, high voltage radiog- 
raphy, and radiation protection. Many illustrations and figures 
have been revised or replaced to complement the changes in the 
text. 77, 600 pp., 296 il., 29 tables, $18.75 


PRINCIPLES OF RADIOGRAPHIC EXPOSURE AND PRO- 
CESSING (2nd Ed., 13th Ptg.) by Arthur W. Fuchs, Rochester, 
New York. This amply illustrated guide describes the accepted 
procedures for producing good quality radiographs from prop- 
erly exposed x-ray film. A simple yet exact exposure system 
based on proven fundamental theories and practices 1s provided. 
Whenever possible, the exposure factors have been reduced to 
constants, thereby eliminating many possible sources of error. 
Operations necessary for converting exposed x-ray film to a 
radiograph are discussed in detail. Complete details are provided 
for the development, rinsing, fixing, washing, and drying pro- 
cesses. Chapters also cover such topics as silver image formation, 
function of focus-film distance, density factors, and intensifying 
screens. A fourteen-page glossary of terms and techniques 1s 
included. '77, 302 pp. (7 x 10), 600 il., 25 tables, $18.50 


AN INTRODUCTION TO THE PHYSICS OF NUCLEAR 
MEDICINE by Paul N. Goodwin, Albert Einstein College of 
Medicine, Bronx, New York, and Dandamudi V. Rao, New 
Jersey Medical School, Newark. The principles and physics of 
nuclear medicine are presented by this book in à simple yet 
comprehensive manner. To aid self-study, problems and mul- 
tiple choice questions are included at the end of each chapter. 
Topics include a review of elementary mathematics, the struc- 
ture of matter, the nature of radioactivity, nuclear decay pro- 
cesses, the interaction. of radium with matter, scintillation 
detectors, scanners, gamma cameras and other imaging devices, 
radionuclides in nuclear medicine, statistics of radiauon mea- 
surements, radiation safety, and radiation dosimetry. '77, 164 pp. 
(6 3/4 x 9 3/4), 44 il., 4 tables, $18.50 


ROENTGEN EXAMINATIONS IN ACUTE ABDOMINAL 
DISEASES (3rd Ed.) by J. Frimann-Dahl, Ulleval Hospital, 
Oslo, Norway. This Third Edition with 133 new illustrations is 
mainly concerned with roentgen anatomy of the abdomen and 
diagnosis of the most important acute abdominal diseases. Diag- 
nosis of lesions, emergencies requiring immediate diagnosis, 
and the important role of roentgen examination in correct diag- 
nosis and treatment are among the topics discussed. Acute ab- 
dominal diseases are among the most frequent cases referred to 
clinics, and they often require instant treatment. Since a pro- 
longed discussion of cases is often not feasible, this book will be 
4 valuable information source for radiologists, students in diag- 
nostic radiology, and surgeons in emergency medicine. '74, 632 
pp., 614 il. (4 in color), $29.50 
Orders with remittance sent, on approval, postpaid 
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INTRODUCING — NEW MXRR SLIDE/SOUND PROGRAMS 


CT-1A COMPUTED TOMOGRAPHY OF THE CEN- 
TRAL NERVOUS SYSTEM: BRAIN TU- 
MORS are re ee nee ERR Rs 62 slides $35.00 
CT-1AT Above slides with Synchronized Cassette 
Tape $50.00 
by Roger A. Hyman, M.D. 


5-5 SOME FUNDAMENTALS IN CHEST 
ROENTGEN INTERPRETATION .......... 61 slides $32.00 
5-5T Above slides with Synchronized Cassette 
Tape $47.00 
by Benjamin Felson, M.D. 


14-28 Part 1— ESOPHAGUS ................... 40 slides $28.00 
14-2C Pall Qu eR veces ED a A ne ia 40 slides $28.00 
14-2B- with Synchronized Cassette Tape ........ 80 slides $71.00 
2CT by Henry J. Woloshin, M.D. 


PEDIATRIC 
3-3A Normal Variants & Congenital Anomalies 

OF BOB s Lou ENE qa wae aca nicis d: 56 slides $32.00 
3-3AT Above slides with Synchronized Cassette 

Tape $47.00 
3-3B Aseptic Necrosis & Infection of Bone ..... 61 slides $32.00 
3-3BT Above slides with Synchronized Cassette 

Tape $47.00 

by John W. Hope, M.D. 


ADDITIONAL SLIDE PROGRAMS | 


18-2A NORMAL & PATHOLOGICAL ROENTGEN 
ANATOMY OF THE LYMPHATIC SYSTEM 61 slides $32.00 
by Franklin S. Alcorn, M.D. 

7-6A RENAL TUMORS - RENAL CYSTS ....... 36 slides $28.00 
by Vincent J. O'Conor, M.D. 

5-9 PULMONARY NODULATION & PSEUDO- 
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Accounting to Society: Radiologic Concern for Patient Care 


HARRY Z. MELLINS' 


It is an honor and privilege 
to address this society. My 
subject is the diagnostic ra- 
diologist's accountability to 
society. During the summer 
months, while | was ponder- 
" ing this subject, | chanced 
~ — upon this advertisement in 

m. P the New York Times: “PHI- 
LOSOPHER. New York 
Academy of Medicine Seeks 
a Philosopher (Ph.D.). To 
help plan meetings on and 
analyze philosophical and 
ethical issues in health care 
under grant from New York Council for Humanities; 2'/2 
days a week $10,000 sal. Send curriculum vitae. . . . 

As | read it, | wondered whether we could really hire 
philosophers to do our thinking about the philosophical 
and ethical issues in the health care we provide. Rather, 
is it not for us to sense what our patients might reasona- 
bly expect of dedicated physicians — and thus what our 
purposes ought to be? American society today holds us 
accountable for demonstrating that we are concerned 
about and devoted to comprehensive patient care. Some 
radiologists are apprehensive about the current ground 
swell of interest in accountability. Yet we, and all physi- 
cians, have always been accountable to the individual 
patient. What is new is that we are now accountable, in 
addition, to patients as a group (i.e., to society) because 
third party payment is more and more the rule. In private 
insurance premiums or public taxes, everyone pays in 
part for his neighbor's illness. The public wants to be 
assured that the diagnostic costs are justifiable —that 
the radiologic examinations are of high quality and that 
they are necessary. Therefore, the grounds of radiologic 
professional accountability are predominantly two: qual- 
ity assurance and utilization control. 





H. Z. Mellins 


Quality Assurance 


Radiologists have been involved in quality assurance 
in many ways. Because of the known risks of irradiation, 
laws and rules of radiation safety have been promul- 
gated, and constant surveillance has been undertaken. 
The National Council on Radiation Protection and Mea- 
surements has a most distinguished record. From the 
introduction of double emulsion film in the earliest years 


of radiology to the most recent technologic development 
of low dose mammography, diagnostic radiologists have 
concerned themselves with lowering the radiation dose 
to the patient undergoing diagnostic examinations. 

Because diagnostic radiology is primarily concerned 
with disordered anatomy, we have never strayed far 
from the corrective influence of the autopsy table and 
the surgical specimen. Radiologic-pathologic correla- 
tion over the past 80 years has been one of the most 
effective vehicles for quality assurance, and regular 
conferences for this purpose are part of most training 
programs. The Registry of Radiologic Pathology in the 
Armed Forces Institute of Pathology, under the remark- 
able leadership of William L. Thompson, Elias G. Theros, 
and now John Madewell, is the model for departments 
devoted to this discipline. 

In 1934 radiology became the fourth medical specialty 
to establish board certification and designate the edu- 
cational program needed to acquire competence in the 
discipline and the institutions that could provide it. The 
first annual continuation course in radiology in this 
country was started at the University of Minnesota in 
1937, and postgraduate courses in radiology soon be- 
came the best attended courses in many, if not most, 
university programs. In recent years, the American Col- 
lege of Radiology's Professional Self-Evaluation and 
Continuing Home Study Program has provided full op- 
portunities for self-evaluation and continuing education 
in all aspects of radiologic practice. 

Quality assurance requires continuing clinical studies 
of the accuracy of every imaging procedure. From the 
earliest studies by Newell et al. [1] of the accuracy of 
chest radiographic diagnosis to the recent comparisons 
by Laufer et al. [2] between the results of double contrast 
examination of the stomach and colon and endoscopic 
studies, diagnostic radiologists have striven to improve 
the reliability and validity of their diagnostic consulta- 
tions. It is my impression that both patients and their 
fiscal intermediaries generally have a high opinion of 
the quality of diagnostic radiologic examinations and 
appreciate the role played by radiologists in quality 
assurance. 


Utilization Control 


It is when we come to the subject of utilization control 
that we reach the crucial area in which we have often 
failed to take a clear, effective, and concerned position. 
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It should be clear to all that very little of our work is self- 
referred. Only a small proportion of the work of a 
department of radiology. consists of examinations we 
have suggested to further elucidate abnormal x-ray find- 
ings. The vast majority of examinations are requested by 
clinicians. X-ray utilization increases each year, and 
third party payers in both the government and the private 
sector consider cost containment imperative to maintain 
solvency. However, health economists are not dealing 
with a simple market situation involving but two individ- 
uals, a purchaser and a provider. The radiologic consul- 
tation usually involves no less than four persons. It is 
requested by a clinician, provided and interpreted by a 
radiologist, performed on a patient, and paid for by a 
fiscal agent. This fourfold fragmentation separates 
awareness of costs from awareness of benefits. In any 
cost-benefit equation the cost side is usually simple 
arithmetic, but the benefit side is not such simple logic. 
Appreciation of the benefits requres genuine under- 
standing of the difficulties and demands of medical 
practice. 

Utilization studies in which the indications for radio- 
logic examination are compared with the final radiologic 
diagnoses have been advocated as a good way to get 
quantitative data as a basis for utilization control. | 
suggest that if utilization or efficacy studies are to be 
employed wisely and effectively, they should be de- 
signed, accomplished, and probably sponsored jointly 
by clinicians and radiologists. Interpretation of efficacy 
studies requires medical experience and judgment. Two 
examples illustrate this point. Negative examinations 
suggest overutilization to some health economists, yet 
the value of a negative study is well known to clinicians. 
Exclusion of serious or disabling illnesses is a necessary 
and reassuring part of the practice of medicine. Another 
fallacy takes the form of the question, "What good is it 
to diagnose a disease we don't know how to treat?" But 
without a diagnosis the workup goes on and on and the 
cost mounts. Only the establishment of a diagnosis, 
regardless of whether the condition can be treated, ends 
this expenditure. 

Efficacy studies of radiologic examinations compare 
the signs and symptoms which were the indications for 
the examination with the radiologic diagnosis. Often 
they compare how certain the clinician felt about his 
diagnosis before and after the examination. It has been 
the experience of a number of individuals involved in 
efficacy studies that it is difficult to find individual signs 
or symptoms which can clearly be designated as high 
yield indications or low yield indications for an x-ray 
examination. This is not surprising since disease is 
characterized by a symptom complex rather than a single 
symptom. The combinations of signs and symptoms that 
give a high yield of positive radiologic examinations are 
in fact descriptions of diseases, and whether we desire 
it or not, radiologic efficacy studies that compare clinical 
indications and radiologic results turn out to be a test of 
the diagnostic skill of our referring physicians. We must 


consider carefully whether such studies should not be 
designed and accomplished in conjunction with clini- 
cians or professional standards review organizations 
which have representation from all branches of medicine 
and surgery. 

Since the public perception holds us responsible not 
just for the performance and interpretation of our exam- 
inations but, at least in part, for the comprehensive care 
of the patient, what is the appropriate course for us to 
take as radiologists regarding utilization control? 

Every radiologist must be encouraged to do what the 
most effective members of our profession have always 
done: make it an invariable practice to enter the clinical 
diagnostic process at as early a stage as possible. We 
must establish avenues for consultation both before the 
radiologic examination is performed and after it is inter- 
preted. At large institutions a radiologist should offer 
and conduct daily work conferences or rounds with 
each of the clinical services. Review and interpretation 
of the most recent radiologic examinations is the most 
opportune time for the radiologist, jointly with the clini- 
cian, to decide upon further radiologic studies. This is 
not only the most effective method of utilization control, 
it is an important contribution to the care of the patient. 
At small institutions and private offices, this can be and 
usually is done informally. We must consider this clinical 
correlation an integral part of our work, and | would 
estimate that it should occupy at least a third of the 
working day. It is as essential to the practice of radiology 
as the time spent in fluoroscopy or film interpretation. It 
ought to be fully included when we estimate the number 
of associates our practice requires. This approach to 
utilization control includes quality assurance, and com- 
pared to efficacy studies it is both prospective and 
preventive. 

Professional accountability is both necessary and de- 
sirable. It is good both for patients and for physicians. 
Diagnostic radiologists should assume their proper role 
in utilization control by freely providing their services 
for clinical correlation through radiologic rounds, work 
conferences, and pre- and postexamination consulta- 
tions. In any field, the difference between a professional 
and a technician is that a good technician knows every 
detail about his job, but the professional knows its 
deeper meaning and its place in the scheme of things. 
If, as philosophers unto ourselves, we recognize our 
place in the scheme of things and work for what is best 
in comprehensive patient care, we will satisfy both the 
need for accountability and the noblest dictates of our 
specialty. 
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Radiologic-Pathologic Correlations of Small Lung Nodules with Special 
Reference to Peribronchiolar Nodules 


HARUMI ITOH,'? SUSUMU TOKUNAGA,? HITOSHI ASAMOTO,? MUTSUHIRO FURUTA,? YASUNOBU FUNAMOTO ;? 
MASANORI KITAICHI,? AND KANJI TORIZUKA' 


A radiologic and pathologic correlation has been made of 
small lung nodules. At necropsy 100 excised lungs were fixed 
and slices from them radiographed. The radiographs were 
used to select individual nodules for histologic study. Nodules 
in bronchopneumonia, acinonodose tuberculosis, chronic 
bronchiolitis, and simple pneumoconiosis due to ferric dust 
were shown to be located around inflamed terminal or respi- 
ratory bronchioles. Intraacinar infiltration was usually diffuse, 
but when nodules were seen, they occurred in peripheral 
airspaces with no relation to bronchioles. Hematogenous 
metastases showed distinctly marginated nodules, some truly 
intraacinar. Although each type of nodule can appear as an 
“acinar” or “subacinar’ image on chest radiographs, this 
radiologic-pathologic study shows that they differ significantly 
in their relation to the airway structures. 


The term “acinar pattern" seen on chest radiographs 
has been used to describe multiple fluffy nodules of the 
lung about 5 mm in diameter [1]. It has become apparent 
that this pattern includes nodules that are quite different 
pathologically. Diseases in which such a radiologic pat- 
tern has been reported include acute alveolar edema, 
lobar pneumonia, Goodpasture's syndrome, acinono- 
dose tuberculosis, bronchopneumonia, and others [1, 
2]. However, Recavarren et al. [3] suggested that bron- 
chopneumonia be excluded because the nodules are 
peribronchiolar and not strictly acinar. While that is 
true, the radiographic presentation may be the “acinar 
pattern." 

This study was undertaken to define the site and struc- 
tural relationship of small pulmonary nodules of various 
etiologies and to develop a better appreciation of the 
"acinar pattern." Magnification radiography of carefully 
fixed lung sections was used to provide ideal radio- 
graphic images for correlation with the pathologic fea- 
tures displayed by conventional histologic techniques. 


Materials and Methods 


Between March 1975 and November 1976, 100 lungs from 66 
patients were examined. This report is based on radiologic- 
pathologic correlations of 42 of these cases. The patients had 
pathologically confirmed bronchopneumonia (14 cases), aci- 
nonodose tuberculosis (four cases), chronic bronchiolitis (two 
cases), simple pneumonconiosis by ferric dust (one case), 
acute alveolar edema (three cases), lobar pneumonia (two 
cases), Goodpasture's syndrome (one case), and metastatic 
disease (15 cases). 
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Lungs obtained at necropsy were prepared for slicing by a 
standard method [4]. They were distended through a main 
bronchus with fixative fluid containing polyethylene glycol 400, 
95% ethyl alcohol, 40% formalin, and plain water in proportions 
of 10:5:2:3, and immersed in the fixative for 2 days. The fixed 





Fig. 1. —Radiograph of normal secondary pulmonary lobule demar- 
cated by lobar fissure and interlobular septum (smal! arrows). Slice is 5 
mm thick. Small bronchus continues its dichotomous branching with 
progressive loss of cartilaginous plates from wall. Branching pattern 
changes from centimeter pattern to millimeter pattern. Terminal bron- 
chiole (large arrow) arises from these airways with millimeter pattern. 
Pulmonary acinus is unit lung structure distal to terminal bronchioles; it 
has porous radiographic appearance in contrast to tubular structure of 
bronchioles. 
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lung was then air dried and cut into saggital slices 2 cm thick. 
To display general radiologic abnormalities, a radiograph of 
each slice was made using a rapid-processing type of film used 
for mammography (Kodak RP/M X-O-Mat). Selected lung slices 
were further cut into 5 mm slices. Each lung slice was radio- 
graphed in contact with a fine grain film (Fuji Softex film, fine 
grain) at 30 kVp, 450 mAs, at 65 cm tube-film distance. This 
fine grain film gave a radiographic resolution of 0.1 mm with 
photographic enlargement. 

From each selected lung slice about five blocks were chosen 
for pathologic study. Microscopic sections were obtained from 
the upper, middle, and lower parts of all blocks and stained 
with hematoxylin and eosin. A ferric stain was also performed 
in the case of simple pneumoconiosis. 


Results 
Normal Lung 


On the magnified radiograph of a normal lung slice, 
bronchi and bronchioles appeared as tubular structures 
with parallel walls (fig. 1). Bronchial branching patterns 
could be described as a “centimeter pattern" and a 
“millimeter pattern” (fig. 1). With the millimeter pattern, 
bronchial bifurcations occur every 2-3 mm, and every 
bronchiole with this pattern lies within the secondary 
pulmonary lobule [5, 6]. The terminal bronchiole could 
be identified as a final and clear tubular structure within 
the secondary lobule (fig. 1). The pulmonary acinus is a 
unit lung structure about 6 mm in diameter distal to the 
terminal bronchiole [5, 6], and its radiologic features 
were characterized by fine reticular and porous appear- 
ances (fig. 1). Most peribronchiolar nodules were found 
around bronchioles with the millimeter branching pat- 
tern. 

The blood in pulmonary arteries and arterioles was 
usually washed out during distention and fixation, so 
that these structures produced only faint radiographic 
densities following the bronchial pathways (fig. 1). How- 
ever, the vascular markings were increased, for example, 
in cases of tumor invasion into perivascular spaces (see 
fig. 7). 


Peribronchiolar Nodules 


Bronchopneumonia. Of 14 cases of pathologically 
proven bronchopneumonia, 10 cases showed a minimal 
Change in chest radiographs before death and slight 
consolidations involving some lobules on postmortem 
radiographs. In these cases, localized inflammation of 
bronchioles and adjacent alveoli were demonstrated 
patholically, but discrete nodules were not present radio- 
logically. In the remaining four cases (eight lungs), 
"acinar pattern" was seen in chest radiographs before 
death, and multiple nodular densities could be demon- 
strated on radiographs of lung slices (figs. 2A and 2B). 
Two radiologic features were common to all cases: (1) 
coexistence of sublobular, lobular, and multilobular 
densities (fig. 2B), and (2) tendency of nodules to gather 
around small air passages distal to terminal bronchioles 
(fig. 2C). Pathologically, respiratory bronchioles and 
their marginal alveoli were edematous and infiltrated by 
polymorphonuclear leukocytes, but distal air spaces 
were spared from such changes (figs. 2D and E). 





Fig. 2.—59-year-old man with oat cell carcinoma of left hilus and 
staphylococcus bronchopneumonia. A, Chest radiograph 1 day before 
death shows acinar pattern. B, Radiograph of saggital slice of left lung 
shows large area of consolidation in posterior part of lower lobe, lobular 
consolidation, and small lesions in other parts of lung. C, Enlargement 
of area boxed in B demonstrates many fluffy nodules around thickened 
bronchioles. D, Photomicrograph (x10) of nodule and its peripheral 
lobule indicated by arrow in C shows inflammation limited around 
respiratory bronchioles (RB), sparing peripheral air spaces. E, Close-up 
(x100) of nodule demonstrates inflamed respiratory bronchioles (RB) 
and inflammatory exudates in adjacent alveoli (arrow). 


Such peribronchiolar nodules were not prominent 
around larger bronchioles, even in lungs with acute 
bronchiolitis. In heavily consolidated areas where dis- 
crete nodules could not be identified radiographically, 
inflamed bronchioles could be seen microscopically. 
This pathologic feature was in contrast to lobar pneu- 
monia in which very little bronchiolitis was found in the 
consolidated areas. 

Tuberculosis. There were four cases of bronchogenic 
spread of tuberculosis. Three of the cases had typical 
"acinar pattern," not only in antemortem (fig. 3A) but 
also postmortem radiographs (fig. 3B). In the remaining 
case, nodular lesions could be shown in the radiographs 
of lung slices. The chest radiograph of this case showed 
only pleural thickening of both lungs. 

In postmortem radiographs, the nodules were seen to 
coalesce to form lobular and multilobular consolidations 
(fig. 3B). The smaller nodules had an apparent tendency 
to gather around bronchioles (fig. 3C). These radiologic 
appearances were very similar to bronchopneumonia as 
shown above. Pathologically, caseous necrosis was 
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Fig. 3.— 69-year-old female with bronchogenic spread of tuberculosis. A, Chest radiograph 1 week before death shows typical acinar pattern. B, 
Radiograph of saggital slice of right lung shows sublobular, lobular, and multilobular consolidations and several cavities. C, Enlarged view of boxed 
area in B shows small nodules around bronchioles with millimeter pattern. D, Photomicrograph (x20) of nodule (C, arrow) demonstrates caseous 
necrosis of both respiratory bronchioles (RB) and adjacent alveoli. 


found to involve both the walls and adjacent alveoli of 
the respiratory bronchioles (fig. 3D). 

Other peribronchiolar consolidations. There were two 
cases with chronic bronchiolitis and one with simple 
pneumoconiosis due to ferric dust. Two cases of chronic 


bronchiolitis were characterized by long histories of 
cough and thick sputum and by gradual increase of 
reticulonodular lesions on chest radiographs (fig. 4A). 
Both patients died with acute respiratory failure. On the 
cut surface of lung specimens, multiple nodules less 
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than 5 mm in diameter were identified in both lungs. 
None had severe or extensive emphysema. These nod- 
ules were shown in radiographs of lung slices to be 
poorly defined densities which gathered around smaller 
bronchioles (fig. 4B). Bronchiolar walls were irregularly 
thickened, and some of the bronchioles were obstructed 
(fig. 4B). Histologically, small bronchi and bronchioles 
were congested, fibrotic, and infiltrated by mononuclear 
cells. Marginal alveoli of inflamed bronchioles were filled 
with lymphocytes and lipid-laden macrophages; in addi- 
tion, these changes were found to extend to the alveolar 
septum (fig. 4C). 

The case of simple pneumoconiosis showed slight 
fibrosis of the interstitium and peribronchiolar deposits 
of iron-laden macrophages confirmed by iron staining. 
These deposits of iron particles corresponded to the 
radiologic nodules. 


Intraacinar or Air Space Consolidation 


We examined six patients who died with pathologically 
proven intraacinar consolidation. Three subjects had 
acute alveolar edema, two had lobar pneumonia, and 
one had Goodpasture's syndrome. Before death, nodular 
acinar patterns were seen on chest radiographs in two 
cases of pulmonary edema and in the patient with Good- 
pasture's syndrome. In the other three cases, an "acinar 
pattern" could not be identified, only homogeneous 
opacity. 

At the time of death, multiple nodular densities were 
seen on postmortem radiographs of lung slices only in 
the patient with Goodpasture's syndrome. In the remain- 
ing cases, the lesions had progressed to diffuse consoli- 
dation by the time of death, and nodular densities were 
not present in postmortem radiographs. 

Nodular densities in Goodpasture's syndrome were 
irregular in shape and many had coalesced (fig. 5A). 
These differed from peribronchiolar nodules in that they 
seemed to have no relation to terminal or respiratory 
bronchioles (fig. 5B); this was confirmed histologically 
(fig. 5C). These nodules seem to be consolidations of 
the distal air space involving either part or all of the 
pulmonary acinus. 


Metastatic Nodules 


There were 15 cases of metastatic lung cancer: 12 had 
hematogenous and three had lymphangitic metastases. 
Chest radiographs of bloodborne metastases showed 
multiple nodules which were sometimes indistinct simu- 
lating "acinar pattern." On radiographs of lung slices, 
however, nodules were shown to have clear-cut borders 
unless they were associated with peripheral bleeding. 
Of these 12 cases, alveolar filling processes were clearly 
demonstrated histologically in four cases (fig. 6B). In 
the other eight cases, local pulmonary structures such 
as the alveolar septum were completely replaced by the 
tumors. The latter nodules were considered as intraaci- 
nar infiltration in this study, because they were not 
related to airway structures. 

Chest radiographs of three cases of lymphangitis car- 


cinomatosa showed diffuse reticulonodular densities. 
Radiographs of lung slices demonstrated thickened in- 
terlobular septa and bronchovascular structures. Nodu- 
lar lesions less than 2 mm in diameter were found in the 
case associated with bloodborne metastases. In the 
other two cases, no nodular density was found despite a 
tumor embolus in some of the pulmonary arterioles 
(fig. 7). 


Discussion 


On the basis of radiologic-pathologic correlation, lung 
diseases have been classified in relation to the anatomy 
of the secondary pulmonary lobule [4, 7]. Bronchopneu- 
monia is considered as consolidation of multiple second- 
ary lobules, and lymphangitis carcinomatosa as thicken- 
ing of the interlobular septum [7]. Small lung nodules 
have been described by the terms sublobular nodule [4] 
and alveolar nodule [8] instead of the controversial 
words “acinar nodule,” yet these terms cannot be fitted 
conveniently into the above classification described by 
Heitzman and others [4, 7]. 

We undertook this study to classify a series of sublob- 
ular lung nodules according to their relation to the 
structures of the secondary pulmonary lobule. In doing 
so, we found that there are two types of sublobular 
nodules which differ remarkably. First is the peribron- 
chiolar nodule, which is a focus of inflammation around 
the smallest bronchioles. Second is an intraacinar nod- 
ule, in which alveolar space is occupied by radiopaque 
materials, but the nodule has no relation to airway 
structures. 

In bronchopneumonia, bronchitis and bronchiolitis 
are the earliest pathologic changes [4, 9, 10]; subse- 
quently the disease extends toward surrounding alveoli 
through the canals of Lambert [3], though we did not 
identify these canals. In acinonodose tuberculosis, the 
disease begins in respiratory bronchioles followed by 
surrounding focal inflammation [9]. These pathologic 
processes were reflected in the formation of peribron- 
chiolar nodules which could be seen on radiologic ex- 
amination of lung. The small nodule seems to grow into 
a larger one, whose diameter is the same as that of the 
pulmonary acinus, by direct extension of inflammation 
through the pores of Kohn or by aspiration of inflamma- 
tory materials into the pulmonary acinus [4]. Our study 
showed that most acinarlike nodules in bronchopneu- 
monia and acinonodose tuberculosis are formed primar- 
ily by the former process. 

Two characteristic findings in chronic bronchiolitis 
were shown in this radiologic-pathologic study: (1) the 
absence of extensive emphysema, and (2) marked 
changes of the bronchiole and interstitium associated 
with peribronchiolar alveolar infiltrates. The reticulono- 
dular pattern in the chest radiograph during life can be 
explained by the thickened bronchiole and interstitium 
and by peribronchiolar nodules. Clinical pictures, chest 
radiographs, and pathologic findings of the two cases in 
this study seemed to be very similar to those of patients 
reported by Gosink et al. [11] as chronic bronchiolitis 
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Fig. 4.—45-year-old man with 10 
year history of cough and thick spu- 
tum. A, Chest radiograph 5 days 
before death shows reticulonodular 
pattern. Serial films for previous 5 
years showed gradual increase of 
this pattern. B, Radiograph of slice 
of left lung shows irregularly thick- 
ened bronchiolar walls and small 
nodules around them. Some nod- 
ules show fibrotic change. C, Pho- 
tomicrograph (x20) of nodule (B, 
arrow) shows infiltration of mono- 
nuclear cells to respiratory bron- 
chioles (RB) and their marginal al- 
veoli. 
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Fig. 5.—24-year-old female with Good- 
pasture's syndrome. A, Radiograph of 
saggital slice of left lung shows multiple 
nodular densities. B, Enlargement of boxed 
area in A shows coalesced and relatively 
isolated nodules, but no tendency of these 
nodules to gather around bronchioles. C, 
Photomicrograph (x 10) of area boxed in B 
shows hemorrhagic foci in lung paren- 
chyma. Arrows in B and C indicate same 
interlobular septum. 
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Fig. 6.— 62-year-old female with metastatic lung cancer of stomach. A, Radiograph of slice of lung shows many spherical and isolated nodules. B, 
Photomicrograh (x15) of nodule (A, arrow) shows cancer cells in alveolar spaces and alveolar ducts, but respiratory bronchioles (RB) are spared. 


Nodule is not peribronchiolar. 


obliterans and by Macklem et al. [12] as small airways 
disease. 

Simple pneumoconiosis shows typical peribronchiolar 
consolidation. Inhaled particles deposit in terminal air 
space adjacent to the respiratory bronchiole through 
Lambert's collateral channels [13]. Some of the dust is 
phagocytosed and incorporated into bronchiolar and 
alveolar walls. If the dust is radiopaque, it can be seen 
as a peribronchiolar deposit. In many cases we observed 
carbon particles in bronchiolar walls and their marginal 
alveoli; however, they were usually radiolucent. They 
can be seen as peribronchiolar infiltration when marked 
histologic changes such as fibrosis occur. 

In intraacinar consolidation, on the other hand, it is 
the most distal air spaces which are first filled with 
transudate, exudate, blood, or tumor cells. In lobar 
pneumonia, the organism reaches the distal air spaces 
near the pleura [1, 14], and the initial reaction is an 
outpouring of edema fluid into alveoli followed by rapid 
spread into adjacent alveoli [1, 4, 14]. We had two cases 
with lobar pneumonia and three with acute alveolar 
edema. Some of the cases showed nodular shadows in 
chest radiographs during life, but we could not visualize 
discrete nodules in radiographs of lung slices, possibly 
because the disease had progressed extensively by the 
time of death. 

Metastatic nodules are alveolar-filling processes, 
namely, cancer cells growing either to fill alveoli with a 
solid mass or line their walls (10]. Such nodules can be 
considered true intraacinar consolidation. However, the 


margin is usually sharp and easily discriminated from 
other alveolar-filling diseases (cf. figs. 2 and 6). 

Cancer cells may also occupy the interstitium and 
alveolar space simultaneously or separately. Figures 6 
and / are typical examples of alveolar and interstitial 
filling processes, respectively. When the nodule destroys 
alveolar structures completely, it apparently involves 
both the interstitium and alveolar space. Such a nodule 
is also included in the intraacinar consolidation in this 
study. However, if this study were extended to include 
nodules with marked interstitial changes such as sili- 
cosis or sarcoidosis [4], it would seem better to introduce 
a different term which categorizes them properly. Small 
nodular shadows seen in the radiograph of lymphangitis 
carcinomatosa are presumably caused by superimposi- 
tion or end-on view of the thickened bronchovascular 
sheath and interlobular septum, because nodular density 
was not found in postmortem radiographs. 

It is not known whether intraacinar consolidation ever 
involves a single pulmonary acinus or whether several 
adjacent acini are always involved within the same sec- 
ondary lobule [1, 4], though the former has been radio- 
logically suspected [15]. Lui et al. [16] used three-dimen- 
sional reconstruction of lung specimens to show that 
injection of contrast medium into a single acinus does 
indeed produce the radiographic appearance of an aci- 
nar nodule. However, no similar studies have been per- 
formed on pathologic material. 

The descriptive term "acinar pattern" conveys the 
image of small indistinctively marginated nodular densi- 





RADIOLOGY AND PATHOLOGY 


OF SMALL LUNG NODULES 





Fig. 7.—40-year-old man with lymphangitic metastasis of lung from stomach cancer. A, Radiograph of slice of lung shows thickened interlobular 
septa and pulmonary arterioles (arrows). Increased markings of vessels appear nodular when viewed end-on. B, Photomicrograph (x30) of peripheral 
part of lobule shows tumor infiltration around respiratory bronchioles (RB), pulmonary arterioles (PA), and alveolar septa. Pulmonary arteriole is 
almost obstructed by tumor embolus (arrow). Opacification of vessels in A is due both to intra- and extravascular changes. Antemortem radiograph of 
patient showed reticulonodular pattern, although no nodule is shown by radiologic-pathologic correlative studies. 


ties in the lung. While useful for such purposes, it is 
misleading in that not all small nodules occupy the 
terminal air space. As demonstrated in this study, nod- 
ules of diverse causes may be located in relation to the 
terminal and respiratory bronchioles as well. Peribron- 
chiolar and intraacinar nodules cannot be distinguished 
on chest radiography during life, but postmortem radio- 
graphy with the technique used here clearly demon- 
strates their dissimilar features. 
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Unusual Radiographic Features of Wegener's Granulomatosis 


RODERICK MAGUIRE," ? ANTHONY S. FAUCI, JOHN L. DOPPMAN,' AND SHELDON M. WOLFF? 


The classical radiologic manifestations of Wegener’s gran- 
ulomatosis are paranasal sinus disease and pulmonary nod- 
ules. A review of 31 clinicopathologically proven cases of 
Wegener’s granulomatosis was undertaken to delineate some 
of the atypical radiologic presentations in this disorder. In 16 
of the 31 patients a total of 18 atypical radiographic findings 
were demonstrated. These included lesions of the airways, 
parenchyma, pleura, and kidneys. We feel the “typical radio- 
logic findings" of Wegener's granulomatosis should be ex- 
panded to include (1) endobronchial disease resulting in 
atelectasis of either a lobe or a complete lung, and (2) pleural 
disease with thickening or effusion which may be massive. 
While some of the rarer presentations are still not included, 
such a redefinition would cover more than 75% of our 31 
cases. 


Introduction 


Wegener's granulomatosis is a disease of unknown etiol- 
ogy characterized by necrotizing granulomatous vascu- 
litis involving the upper and lower respiratory tract and 
the kidney [1, 2]. The renal lesion which is the hallmark 
of generalized Wegener's granulomatosis is a focal glo- 
merulitis which may advance to generalized glomerulo- 
nephritis [3]. A /imited form of Wegener's granulomatosis 
that involves the upper and/or lower respiratory tract 
but not the kidneys has also been reported [4]. 

The classical radiologic manifestations of Wegener's 
granulomatosis are generally considered to be paranasal 
sinus disease and pulmonary nodules [5-8]. Since cyto- 
toxic chemotherapy can lead to dramatic remissions in 
many cases of Wegener's granulomatosis, this disease 
is no longer considered uniformly fatal [1, 2]. Early 
diagnosis is important, so it is essential for the radiolo- 
gist to be aware of the atypical radiographic findings in 
this disease. The present review was undertaken to 
delineate some of these atypical findings. 

We reviewed the radiographic findings in 31 clinico- 
pathologically proven cases of the disorder investigated 
at the National Institutes of Health over a 14 year period. 
With two exceptions, all patients had classical Wegener's 
granulomatosis with the triad of sinusitis, pulmonary 
disease, and glomerulitis. 


Typical Radiographic Findings 


Paranasal sinus disease with mucosal thickening, dif- 
fuse opacification, and occasionally bony destruction is 


Received July 14, 1977; accepted after revision October 14, 1977. 


seen in most patients [9]. The typical pulmonary findings 
are illustrated in figure 1. The nodules in the lungs may 
be single or multiple, well or poorly defined. They vary 
in size from a few millimeters to many centimeters. If the 
nodules cavitate they generally have a thick irregular 
wall, a finding particularly well visualized on CT scans 
of the lung (fig. 2). Rarely the cavitating masses of 
Wegener's granulomatosis may be thin walled. Second- 
ary infection is rare. A less common but well recognized 
method of presentation is a poorly defined area of 
parenchymal consolidation. Hilar and mediastinal lymph 
node enlargement rarely occurs. The renal lesions of 
Wegener’s granulomatosis are microscopic [3], and uro- 
graphic findings are generally absent. 


Atypical Radiological Findings 


Eighteen atypical radiographic findings were demon- 
strated in 16 of 31 proven cases (table 1). Two patients 
had more than one atypical finding. 


Airways 


There were six atypical findings (five patients) involv- 
ing the airways. Figure 3 demonstrates a subglottic 





Fig. 1.—Chest film showing multiple, well defined nodules throughout 
both lung fields with cavitated nodule (arrows) in left lower lung. 
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Fig. 2. — CT scans showing multiple thick-walled irregularly cavitated lesions. A, Air-fluid level in small nodule on right (arrow) just 
anterior to large cavitated mass with air-fluid level. B, Thick-walled cavity with air-fluid level and irregular wall projections. 


TABLE 1 


Atypical Radiographic Findings in Wegener's 
Granulomatosis 














Site of Lesion and Radiographic Findings No. 
Airways: 
Subaolottie MASS 12s dese Rr nn 1 
Mass between trachea and esophagus 1 
Bronchial narrowing and collapse..... 3 
Bronchopleural fistula ............... 1 
Parenchyma: 
Calcification in nodule 2... 60660068. 1 
Bilateral paratracheal masses......... 1 
Large cavitating lesion ............... 1 
Parenchymal shadowing resembling 
VEDOPEUIOSS La sisata t Ré dx Ve ds 1 
Pleura: 
Large effusion isis ee aras 2 
Pleural thickening i ooo rcr 4 
nenal máass...siietaeso a dRek oa Ee XR RS 1 


Cardiac enlargement (due to pancarditis) 1 
Note. — Sixteen of 31 patients had atypical findings. 


lesion histologically proven as Wegener's granulomato- 
sis. One patient had a mass between the esophagus and 
trachea, presumed to be Wegener' s granulomatosis (fig. 
4A). He also had a collapsed right middle lobe (fig. 4B), 
and tomograms demonstrated endobronchial disease on 
the right (fig. 4C). Another patient showed narrowing of 
the left main stem bronchus and subsequently developed 
collapse of the entire left lung (fig. 5). A bronchopleural 
fistula occurred in an additional patient who presented 
with a hydropneumothorax. 


Parenchyma 


One patient developed a very large cavity with an air- 
fluid level which required drainage (fig. 6). Bilateral 
paratracheal masses which subsequently cavitated were 
present in one patient (fig. 7A), and another had diffuse 
cavitating lesions in both upper lung fields which 





Fig. 3.—17-year-old male 
with Wegener's granulomatosis 
involving  retroorbital ^ area, 
trachea, lungs, and kidney. Note 
narrowed subglottic area due to 
biopsy-proven Wegener's granu- 
lomatosis. Disease presently in- 
active, but tracheal stenosis 
requires periodic dilatation. 


strongly resembled tuberculosis (fig. 7B). Calcification 
within a pulmonary nodule was seen in one patient (fig. 
7C). 


Pleura 


Six patients presented with pleural disease. Two had 
large pleural effusions. One patient had bilateral pleural 
thickening; three had unilateral thickening (fig. 8). 


Renal Disease 


Urographic abnormalities are generally not demon- 
strated in Wegener's granulomatosis. A large right renal 
mass distorted the upper pole calyx in one patient (fig. 
9A). Selective renal angiography showed cuffing of hilar 
vessels and abnormal but not malignant vasculature 
within the mass (figs. 9B and 9C). This mass was re- 
moved and was granulomatous, consistent with Wege- 
ners granulomatosis. Renal arteriography in an addi- 
tional patient showed extreme pruning of the cortical 
vessels consistent with glomerulonephritis. 
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Fig. 4.— 17-year-old man with generalized Wegener's granulomatosis involving nasopharynx, bronchi, lung parenchyma, and kidneys. A, 
Retrotracheal mass (arrows) causes asymptomatic narrowing of trachea and esophagus. B, Right middle lobe collapse is result of endobronchial 
disease (C, arrows) and bronchial constriction. 


Discussion 


Wegener's granulomatosis is generally considered a 
hypersensitivity disease. It is part of the spectrum of 
vasculitic diseases which include polyarteritis nodosa, 
allergic granulomatosis, and hypersensitivity angiitis. It 
is usually possible to differentiate Wegener's granulom- 
atosis from other hypersensitivity diseases by a combina- 
tion of the clinical and pathologic findings [1, 2]. If the 
presentation is typical, Wegener's granulomatosis will 
usually be included in the differential diagnosis. How- 
ever, table 1 shows that in 16 of 31 patients, there were 
18 atypical radiographic presentations. 

In a recent review by Landman and Burgener [10], 72 
of 77 cases had the typical presentation. The same 
authors state that findings such as lobar collapse, pleural 
effusion, and pneumothorax were possibly due to com- 
plications and were not primarily manifestations of the 
disease. On the basis of our present findings, we disa- 
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Fig. 5.—67-year-old woman with endobronchial Wegener's granulo- 
matosis causing left bronchial constriction and collapse of left lung. 
Event signaled relapse after several years of remission. Relapse occurred 
after discontinuance of therapy. 
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Fig. 6.—27-year-old woman with hemoptysis, sinusitis, and arthral- 
gias. Patient subsequently developed biopsy-proven glomerulitis. 
Large left upper lobe cavity became secondarily infected with Pseudo- 
monas aeruginosa and required surgical drainage. Histopathology re- 
vealed necrotizing granulomatous vasculitis. Note additional parenchy- 
mal nodule (A, arrow). 


gree with this contention. For example, one of our cases 
presented with a hydropneumothorax and a broncho- 
pleural fistula. Histopathologic specimens from the fis- 
tula tract obtained at thoracotomy revealed Wegener's 
granulomatosis. Similarly, we demonstrated bronchial 
narrowing due to biopsy-proven Wegener's granuloma- 
tosis in two of our patients with lobar and pulmonary 
collapse. 

We disagree with Levin [11] who states that the ‘‘spe- 
cific radiologic diagnosis of pulmonary vasculitis can 
reliably be made upon the character of the lesions, the 
rarity of superimposed infection, and a rapid and dra- 
matic response to steroids." This may be true if the 
presentation is typical; however, we have seen such a 
wide variety of presentations, as have Felson and Braun- 
stein [12], that a specific diagnosis cannot be made by 
the radiologist alone. In addition, it has been clearly 
demonstrated that the disease does not characteristically 
respond dramatically to corticosteroids, and that cyto- 
toxic therapy is the treatment of choice [1, 2]. 

Renal masses have been described in the lymphoma- 
toid variant of the disorder, and it might be reasonably 
questioned whether the patient with the large right renal 
mass had classic Wegener's granulomatosis. However, 
renal biopsy at the time of initial presentation demon- 
strated glomerulitis, a finding not generally associated 
with the lymphomatoid variant. 

As a referral hospital, we may see a higher proportion 
of unusual cases. Alternatively, the high incidence of 
atypical radiographic findings may be due to two other 





factors: (1) increasing awareness of the disease; and (2) 
longer survival time of treated patients. While most of 
the unusual findings such as lobar consolidation, tra- 
cheal lesions, and bronchopleural fistulae have been 
described previously [9], two findings have not been 
described — calcification of Wegener's nodules (fig. 7) 
and renal masses (fig. 9). 

The clinician is already aware of the varying systemic 
presentations of this disease. As the spectrum of radio- 
logic findings widens, we suggest that the "typical radio- 
logic findings" of Wegener's granulomatosis be rede- 
fined. Perhaps the definition of Fraser and Paré [5], 
while basically correct, should now include (1) endo- 
bronchial disease resulting in atelectasis of either a lobe 
or a complete lung, and (2) pleural disease with thicken- 
ing or effusion which may be massive. While this defini- 
tion still does not include some of our rarer presenta- 
tions, such a redefinition would include over 75% of our 
31 cases. 
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Fig. 7.— Three different patients with unusual pulmonary findings. A, 


Bilateral paratracheal masses. B, Diffuse cavitating upper zone infiltrates. 
C, Calcification within parenchymal nodule. 
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Fig. 8.— 66-year-old male with generalized Wegener's granulomatosis 


and extensive pleural thickening (arrowheads) in addition to parenchy- 
mal nodules (arrows). 
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Fig. 9.—27-year-old female with Wegener's granulomatosis in- 
volving sinuses, lung, and kidney. Patient developed mass lesion 
in upper pole of right kidney while in apparent disease remis- 
sion on cyclophosphamide. A, Retrograde pyelogram demon- 
strates distorted upper pole collecting system. B, Selective 
renal arteriogram demonstrates cuffing of hilar branch (arrow- 
heads), avascular upper pole mass, and extensive perirenal col- 
laterals. C, Incomplete lower pole nephrogram is due to additional 
renal artery supplying pericalyceal collaterals (arrowheads) to 
upper pole. Upper pole mass was surgically removed; histologic 
diagnosis consistent with Wegener's granulomatosis. 





Computed Tomography of the Anterior Mediastinum in Patients with 
Myasthenia Gravis and Suspected Thymoma 


JERROLD H. MINK,’ MARSHALL E. BEIN,' RICHARD SUKOV,' CHRISTIAN HERRMANN, JR..* 
JAMES WINTER,' W. FREDERICK SAMPLE,' AND DONALD MULDER? 


Six patients with myasthenia gravis and suspected thy- 
moma underwent radiologic investigation using plain chest 
radiographs, conventional anterior mediastinal tomography, 
and computed tomography. Ail underwent exploratory thorac- 
tomy within 1 month of the radiologic workup. In three of the 
five cases that proved to be thymoma, CT yielded significant 
diagnostic information that bore directly on the management 
and/or prognosis of the patient. We therefore believe that CT 
may be a valuable adjunct in the radiologic investigation of 
the patient with myasthenia gravis. 


Early reports on whole body computed tomography have 
shown it to be a useful diagnostic modality [1-4]. How- 
ever, little has been published on its application to 
evaluation of the chest [5-7]. Since our institution is a 
referral center for patients with myasthenia gravis, we 
have examined the role of CT in searching for thymoma. 
This communication documents our early experience. 


Materials and Methods 


Hospital records were reviewed of all myasthenic patients 
referred to the Department of Radiology between July 1976 and 
July 1977. Six individuals were found who had plain radio- 
graphs, conventional anterior mediastinal tomograms, and CT 
scans performed within 1 month of surgical exploration. The 
unusually high incidence of thymoma in this group reflects the 
selected myasthenic population seen at this institution. 

All patients had high kilovoltage (150 kVp) posteroanterior 
and lateral chest radiographs; anterior oblique views were 
obtained for one patient (case 1). Conventional anterior medias- 
tinal tomograms were performed at 0.5 cm intervals in the left 
lateral decubitus position. An EMI CT 5000 body scanner with a 
160 x 160 matrix display was used for all CT studies. Scans 
without contrast infusion were performed at 2 cm intervals 
from 2 cm above the sternal notch to the diaphragm; overlap- 
ping scans were obtained to evaluate questionable abnormali- 
ties in case 2. Five patients were scanned in suspended inspi- 
ration; one of these patients had an additional series of scans 
made during shallow breathing with an extended (80 sec) 
scanning interval. The sixth patient was scanned only in sus- 
pended expiration (case 6). 


Case Reports 
Case 1 


This 41-year-old white male had been recently diagnosed as 
having myasthenia gravis. Posteroanterior and lateral chest 
radiographs were unequivocally normal. Anterior mediastinal 
tomography was performed at 64 kVp and 120 mAs using a 
trispiral motion. A vague, poorly defined area of increased 
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density was seen anterior to the aortic root (fig. 1B). A lucency 
was noted between the posterior margin of the mass and the 
mediastinum. Several other sets of tomograms were made 
using combinations of high (100-110 kVp) and low (60-75 kVp) 
kilovoltage with linear and trispiral motions; shallow anterior 
oblique plain radiographs were also obtained. The CT scan 
(fig. 1C) revealed a mass anterior to the base of the heart; the 
lesion was completely surrounded by a wide zone of low 
density. At surgery, a 3 x 2 cm thymoma was removed. The 
attending surgeon noted that the tumor had a relatively thick 
wall and was completely surrounded by mediastinal fat. There 
was no evidence of invasion. 


Case 2 


This 55-year-old white female had myasthenia gravis for 
several years. Chest radiographs and mediastinal tomograms 
(figs. 2A and 2B) revealed a large right-sided anterior medias- 
tinal mass. The CT scan (fig. 2C) confirmed the presence of the 
mass; in addition, it demonstrated a small pleural lesion in the 
right hemithorax anteriorly, another posteriorly, and several 
similarly-sized densities adjacent to the right hemidiaphragm 
(fig. 2D). A second set of CT scans performed during shallow 
respiration with an extended (80 sec) scanning interval accen- 
tuated the mass which appeared to have a greater transverse 
diameter. 

At surgery, a mediastinal mass which had invaded the medial 
aspect of the right upper lobe was removed. A pleural lesion on 
the anterior chest wall, corresponding exactly to the lesion 
noted on the CT scan, was also discovered. Further exploration 
of the right hemithorax revealed numerous 2-3 cm tumor 
nodules on the pleura of the right leaf of the diaphragm. The 
final pathologic diagnosis was invasive lymphocytic thymoma 
with extensive pleural metastases. 


Case 3 


A 50-year-old male with myasthenia gravis underwent medias- 
tinal exploration because of plain radiographic and tomo- 
graphic evidence (fig. 3B) of a calcified mass in the retrosternal 
area; it was impossible to ascertain whether the mass was in 
the mediastinum or the medial aspect of one of the upper 
lobes. The CT scan (fig. 3C) demonstrated the calcification to 
be high in the mediastinum, anterior to the right brachioce- 
phalic vein. A soft tissue density was also present at a slightly 
lower level than the calcification. The surgical specimen was a 
5 x 3 x 2.5 cm mass with a single densely calcified region 
within it. Subsequent histologic examination revealed an epi- 
thelioid thymoma. 


Case 4 


A 23-year-old white female with myasthenia gravis underwent 
thoracotomy for an obvious anterior mediastinal mass seen on 
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both plain radiographs and conventional tomograms (figs. 4A 
and 4B). The CT scan confirmed the presence of the mass; a 
wide, sharp, low density cleavage plane was present between a 
portion of the mass and the other mediastinal structures (fig. 
4C). A large thymic cyst of the left lobe with hyperplasia of the 
remaining gland was removed at surgery. 


Case 5 


A 32-year-old male underwent thoracotomy for an anterior 
mediastinal mass present on both plain radiographs (figs. 5A 
and 5B) and tomograms. The CT scan (fig. 5C) revealed a low 
density left-sided mediastinal mass. A 35 g lymphocytic epithe- 
lioid thymoma was resected. 


Fig. 1.—Case 1. A, Posteroanterior chest radiograph. B, 
Lateral mediastinal tomogram showing vague density sep- 
arated from mediastinum by low density area (arrows). C, 
CT scan showing thymoma surrounded by fat. Ao — aorta, 
p = pulmonary artery, T = thymoma, svc = superior vena 
cava. 


Case 6 


This 16-year-old male had severe oculomotor myasthenia 
gravis. Plain chest radiography and tomography showed no 
evidence of an anterior mediastinal mass. A CT scan was 
performed in expiration, which resulted in crowding of the 
mediastinal structures against the sternum. No definite mass 
was identified; however, interpretation of the scan was difficult. 
The patient could not cooperate for a set of inspiratory scans. 
A slightly hyperplastic thymus gland without thymoma was 
removed. 


Discussion 


Of individuals with myasthenia gravis, 896-1596 will 
have a thymoma that is either benign or malignant 
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Fig. 2.— Case 2. Posteroanterior chest radiograph (A) and lateral mediastinal tomogram (B) showing large predominantly right-sided mediastinal 
mass. No definite pleural or parenchymal lesions are seen. C and D, CT scans during deep inspiration demonstrating mass and revealing peripheral 
and diaphragmatic pleural metastases from invasive thymoma. D = diaphragmatic pleural metastasis, P = peripheral pleural metastases, Ao = aorta 


T = thymoma. 


(invasive) [8-10]. The discovery of an anterior medias- 
tinal mass in a patient with myasthenia gravis makes 
surgery obligatory for several reasons: (1) thymectomy 
and thymomectomy will sometimes ameliorate symp- 
toms [11-14]; (2) 10%-37% of patients with a thymoma 
have the malignant type [15-17]), and although these 
patients usually die of myasthenia gravis, correct diag- 
nosis and treatment with postoperative radiotherapy 
and/or steroid therapy may delay or preclude future 
problems from the malignant mediastinal mass (i.e., 
pleural effusions, superior vena cava obstruction) [18]; 
(3) an anterior mediastinal mass in a patient with this 
disease is not invariably related to the thymus, and only 
pathologic examination can determine the exact nature 
of the lesion. 


Most thymomas lie in the mediastinum anterior to or 
just below the aortic arch [11, 19-22]. These lesions may 
be evaluated radiographically by: (1) posteroanterior 
lateral, and oblique chest radiographs; (2) conventional 
anterior mediastinal tomography; (3) fluoroscopy; and 
(4) pneumomediastinography. Pneumomediastinogra- 
phy is not without danger, especially in this population 
[10, 21, 22], so it has been largely discontinued. 

There may be considerable difficulty in detecting some 
thymic lesions [9]. The mass may blend in with surround- 
ing mediastinal structures if the patient’s lungs do not 
oppose each other anteriorly. Large breasts increase 
scatter and soft tissue density which further serve to 
decrease radiographic contrast [10]. The mass may be 
mistaken for a dilated conus [21], the main pulmonary 
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Fig. 3.— Case 3. A, Posteroanterior radiograph. B, Lateral mediastinal tomogram revealing elongated calcification in retrosternal area not seen on 
A. C, CT scan showing calcification high in mediastinum, anterior to right brachiocephalic vein. D, Scan showing soft tissue density at slightly lower 
level than C. b = left brachiocephalic vein, Tv = thymoma and right brachiocephalic vein, Ca** = calcification, T = thymoma, Ao = aorta, i = 
innominate artery, c — left common carotid artery, s — subclavian artery, e — esophagus. 


artery [23], or a dilated aorta [9, 23]; these errors typically 
occur with the plaquelike type of thymoma in which a 
subtle contour abnormality in the mediastinum on the 
posteroanterior or lateral radiograph may be the only 
clue to the presence of a thymic lesion [9, 10, 21]. The 
posteroanterior projection is often unrewarding in de- 
tecting the round or lobulated type of thymoma [9, 11, 
18, 21]. In a series of 33 thymic neoplasms recognized 


radiographically, Ellis and Gregg [9] were unable to 
visualize the tumor on the posteroanterior radiograph in 
10 cases. Finally, a tumor of low radiographic density 
may result in “fullness” of the anterior mediastinum 
without identification of a discreet mass [21]. 

We found no reports specifically evaluating the role of 
tomography in the radiographic search for thymoma, 
although several authors empirically advocate its use 
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[17, 19, 23]. In one retrospective study [9], tomography 
was found valuable in eight cases of thymoma (24%) by 
demonstrating more convincingly a suspect contour ab- 
normality. No lesion was diagnosed by tomograms 
alone, however, and the authors concluded that tomo- 
grams need not be regarded as a necessary routine but 
rather should be used to further investigate suspicious 
shadows of uncertain significance. 

Fluoroscopy of the chest may detect a thymoma that 
is not visualized by plain radiography [21]. “Shrinkage” 
of a mediastinal mass (a decrease in its transverse 
diameter during deep inspiration) has been described as 
a diagnostic fluoroscopic sign of thymoma [24]. 
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Fig. 4.—Case 4. Posteroanterior chest radio- 
graph (A) and lateral mediastinal tomogram (B) 
showing large left-sided mediastinal mass. C, CT 
scan showing thymoma and low density cleavage 
plane (arrows) separating thymoma from pulmo- 
nary artery and aorta. svc = superior vena Cava, 
T = thymoma, P = pulmonary artery, Ao = aorta. 


Because of the suspicion of a lesion in the anterior 
mediastinum in case 1, multiple techniques were used 
in an attempt to define a discrete mass. The plain chest 
radiographs, including oblique views, were unequivo- 
cally normal even in retrospect. The very low density of 
the lesion and its apparent circumscription by lung 
caused us to believe we were seeing old inflammatory 
disease in one of the upper lobes. The CT scan clearly 
demonstrated what proved to be a thymoma. The lesion 
was completely encircled by fat, thus accounting for the 
zone of decreased density posterior to the mass. 

Pleural and subpleural metastases may go undetected 
by plain radiographic and tomographic techniques since 
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there is less inherent contrast in the peripheral portions 
of the lung [25]; there is some evidence that CT will be 
better able to detect such lesions [25]. Malignant thymo- 
mas metastasize to pleural surfaces [8], therefore making 
it appropriate to examine the lung periphery in evaluat- 
ing the patient with a thymoma. The finding of small 
pleural nodules by CT in case 2 led to the correct 





Fig. 5.—Case 5. Coned posteroanterior (A) and 
lateral (B) chest radiograph and CT scan (C) all demon- 
strating left-sided thymoma (arrows). T = thymoma, 
Ao = aorta, svc = superior vena Cava. 


preoperative diagnosis of invasive thymoma with metas- 
tases. These nodules were not visualized by conventional 
techniques. (Whether the nodules would have been de- 
tected by conventional tomography is speculative since 
we only examine the anterior mediastinum by laminogra- 
phy. No author has suggested performing whole lung 
tomograms in patients with thymomas.) 
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It is sometimes difficult to ascertain from which "com- 
partment” in the chest (extrapleural, intrapleural, paren- 
chymal) a mass has risen. Standard radiographic signs 
are not always applicable or infallible. Plain films and 
tomograms showed a calcified density in the retrosternal 
area in case 3, but even in retrospect it was impossible 
to be sure that the lesion was not a granuloma in the 
anterior segment of one of the upper lobes. The CT 
scan resolved the dilemma, locating it high in the me- 
diastinum. 

The biologic behavior of a thymoma cannot be accu- 
rately predicted using histologic criteria alone [11, 26]. 
Postoperative recurrences, pleural seeding, and local 
extension are much more common in those lesions 
which are not encapsulated [12]. Conversely, one of the 
best indicators of a favorable prognosis is the presence 
of a fibrous capsule and lack of invasion of the surround- 
ing mediastinal fat [11, 12, 17]. In cases 1 and 4, CT 
scans showed a wide zone of low density between the 
tumor and the other mediastinal structures. At surgery, 
both lesions were benign. However, no obvious cleavage 
planes were demonstrated in our other benign thymomas 
(cases 3 and 5). It seems possible to perform a CT scan 
through a portion of a frankly malignant thymoma where 
invasion of the surrounding fat has not yet occurred. 
Thus the significance of a cleavage plane is still unknown 
but deserves further study. 


Conclusions 


The role of CT in the evaluation of mediastinal lesions 
and its comparative value to conventional tomography 
are yet to be determined conclusively. There are, how- 
ever, several pertinent observations that can be made 
from this small series of patients. CT clearly identified a 
tumor (case 1) whose presence was only suggested by 
conventional means; the converse did not occur. In 
three of our five cases of thymoma (cases 1-3) CT 
yielded significant diagnostic information that bore di- 
rectly on the management and/or prognosis of the pa- 
tient. We therefore believe that CT is a valuable adjunct 
in the radiologic investigation of the patient with myas- 
thenia gravis. It may confirm the presence of suspected 
mediastinal mass, detect pleural metastases, or help 
"compartmentalize" lesions detected by other modali- 
ties. 

We believe that the following CT routine is practical 
and may yield abundant diagnostic information. (1) 
Scans should be performed at 1'/2-2 cm intervals 
through the entire thorax to facilitate detection of small 
thymomas and related pleural and parenchymal disease. 
In instances where questions remain, a set of overlap- 
ping scans should be obtained. (2) Scans should be 
performed during suspended inspiration. However, shal- 
low breathing can accentuate a suspected mass, and in 
questionable cases this additional set of scans may be 
advisable. It must be remembered that the performance 
of scans during continued respiration will result in loss 
of parenchymal detail. The presence of contrast material 
in the vascular bed may allow for better orientation, and 





for this reason we plan to use such infusions during all 
future examinations. 
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Primary Coccidioidomycosis in Children Presenting with 
Massive Pleural Effusion 


LEE PINCKNEY' AND BRUCE R. PARKER' 


Large pleural effusion as the presenting feature of coc- 
cidioidomycosis in childhood has not previously been re- 
ported and may cause significant diagnostic difficulty. Three 
children are described who required prolonged hospitalization 
and therapy with amphotericin B. Primary coccidioidomycosis 
should be included in the differential diagnosis of large pleural 
effusions in pediatric patients who have been in the endemic 
area. Such effusions suggest a severe form of the disease and 
may represent evidence of acute dissemination. 


Coccidioidomycosis is an endemic disease in the south- 
western United States, but can be seen elsewhere in the 
country as travel to this area becomes more common. 
The clinical and radiographic manifestations are varia- 
ble and occasionally the diagnosis is difficult. We have 
recently encountered three children with coccidioido- 
mycosis in whom the diagnosis initially proved elusive, 
largely because the presenting feature in each case was 
a large pleural effusion. This presentation is unusual but 
well documented in adults; it has not previously been 
reported in children. 


Case Reports 
Case 1 


This 10-year-old white female had moved to the San Joaquin 
Valley of California with her family 6 months before the onset 
of her illness. Two weeks before admission she developed 
fever and tachypnea for which she was treated with antibiotics. 
One week later she was hospitalized, and a right pleural effusion 
was identified. Thoracentesis yielded clear straw-colored fluid, 
negative on culture. She failed to respond to penicillin and 
cephalexin and, after 1 week, was transferred to Stanford 
University Hospital. 

A chest radiograph on admission demonstrated a large right- 
sided pleural effusion and right hilar lymphadenopathy (fig. 1). 
Another thoracentesis yielded fluid with a protein of 8.3 g/100 
ml, 9,200 white blood cells/mm? (61% polymorphonuclear, 39% 
mononuclear), and negative culture. Skin tests for tuberculosis, 
coccidioidomycosis, histoplasmosis, blastomycosis, and mumps 
were all negative. A pleural biopsy at open thoractomy revealed 
caseating granulomas and fungal forms characteristic of coc- 
cidioidomycosis. Acid-fast stains were negative. The comple- 
ment fixation titer at the time of pleural biopsy was 1:32 and 
later reached a level of 1:128. She was treated with amphotericin 
B for 11 weeks and has had no evidence of recrudescence. 
Follow-up radiographs show a stable right upper lobe nodular 
infiltrate and right costophrenic angle blunting. 


Case 2 


The patient, a 6-year-old white female, had been on a camp- 
ing trip with her family through the San Joaquin Valley 6 weeks 
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before admission. Three days after the trip she, her sister, and 
three family dogs developed flulike syndromes and were treated 
with antibiotics. A week later she developed fever, neck and 
chest pain, and dyspnea. A chest radiograph demonstrated a 
lingular infiltrate, and she was started on ampicillin. Her symp- 
toms progressed, and therapy was changed to erythromycin. A 
chest radiograph 1 week later showed a large pleural effusion. 
A thoracentesis yielded clear straw-colored fluid without cells 
and with a negative culture. A skin test for coccidioidomycosis 
was positive. The family dogs had been sent to the School of 
Veterinary Medicine, University of California, Davis, where they 
were found to have complement fixation titers of 1:16 and were 
started on therapy for disseminated coccidioidomycosis. 

Five weeks after the onset of symptoms, she was admitted to 
Children’s Hospital at Stanford for presumed coccidioidomyco- 
sis. Her chest radiograph showed a large left pleural effusion 
(fig. 2). Subsequent to thoracentesis, bilateral hilar lymphade- 
nopathy, left anterior mediastinal lymphadenopathy, and left 
lower lobe infiltrate were seen. Thoracentesis yielded clear 
fluid with eight polymorphonuclear cells/mm?. She was treated 
with amphotericin B for 1 month and improved rapidly. Comple- 
ment fixation titers were 1:4 and reached a high of 1:8. Therapy 
was stopped when she developed granulocytopenia, but she 
remained asymptomatic. 


Case 3 


This 2-year-old Mexican-American male accompanied his 
family on a trip into the San Joaquin Valley 2 weeks before the 
onset of his illness. He presented with fever, tachypnea, and 
weakness, and was treated by his local physician with oral 
ampicillin. He failed to improve with a 10 day course and was 
admitted to a local hospital. A chest radiograph revealed a 
large right pleural effusion which, at thoracentesis, yielded 
clear fluid. Protein was 5.2 g/100 ml; glucose, 76 mg/100 ml; 
and white blood cell count, 1,440/mm? (85 lymphocytes, nine 
monocytes, and six polymorphonuclear cells). Bacterial cul- 
tures were negative, and microscopic examination of the 
stained fluid revealed no organisms. A coccidioidomycosis skin 
test was positive. He was treated with erythromycin but failed 
to improve. After several weeks he was transferred to Children's 
Hospital at Sanford where a chest radiograph confirmed the 
large right pleural effusion and showed right middle and lower 
lobe infiltrates (fig. 3). 

The patient was scheduled for pleural biopsy when a coccid- 
ioidomycosis complement fixation titer drawn 3 weeks previ- 
ously was discovered to be positive at a 1:16 dilution. Another 
titer was immediately drawn and found positive at 1:256. Fungal 
cultures of the pleural fluid taken 3 weeks previously grew 
Coccidioides immitis. Amphotericin B therapy was begun 30 
days after the patient's first visit to a physician and was contin- 
ued 14 weeks until the complement fixation titer had decreased 
to 1:16. The pleural effusion and pulmonary infiltrates gradually 
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Fig. 1.—Case 1. A, Admission chest radiograph demonstrating large 
right-sided pleural effusion. B, Chest tomogram showing right hilar 
lymphadenopathy and large right loculated pleural effusion without par- 
enchymal infiltrate. 


resolved. Minimal costophrenic angle blunting present at the 
end of therapy had disappeared 1 year later. 


Discussion 


The full spectrum of clinical and radiographic manifes- 
tations of primary coccidioidomycosis is well docu- 
mented and will not be discussed here [1-4]. One com- 
ponent, the small pleural effusion, is reported in both 
adult and pediatric cases, usually in association with 
pulmonary infiltrate and usually appearing only as blunt- 
ing of a costophrenic angle or pleural thickening in the 
region of the infiltrate. In one series of 18 pediatric 
patients [5], four had minimal pleural effusion, an inci- 
dence approximating the reported rate of 2096 in adults 
[3]. Another series of 120 children disclosed only eight 
with pleural effusions, but many patients in this series 
had chronic disease [6]. 

Massive pleural effusion in adults is clearly docu- 
mented in several early series [3, 6] but has not been 
described previously in children. The youngest reported 
case we could find occurred in a 19-year-old patient 
reported by Ophuls and Moffitt [7] in 1900. Interestingly, 
that is the first recognizable report of acute primary 
coccidioidomycosis [8]. 





Fig. 2.—Case 2. Admission chest radiograph demonstrating large left 
pleural effusion. Left lower lobe infiltrate is obscured by fluid. Subse- 
quent films also showed hilar and mediastinal lymphadenopathy. 





Fig. 3.—Case 3. Admission chest radiograph demonstrating large 
right pleural effusion, right hilar lymphadenopathy, and right basilar 
infiltrate. 


Most children with primary coccidioidomycosis never 
have symptoms, and most symptomatic patients recover 
within 10 days without therapy [5]. The three cases with 
massive pleural effusion presented here were clearly 
more serious than the vast majority, including those 
with small pleural effusions. In two of the three cases 
dissemination was documented by serologic criteria 
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(complement fixation titers of greater than 1:16), and all 
three required prolonged hospitalization and therapy 
with amphotericin B. In children, the presence of a 
massive pleural effusion may be a harbinger of dissemi- 
nation similar in significance to paratracheal lymphade- 
nopathy [9]. 

In all three of our cases diagnosis was delayed for 1 
month or more as each patient was treated for bacterial 
pneumonia. Two of the three cases were referred without 
diagnosis to our center from hospitals which see numer- 
ous cases of coccidioidomycosis each year. The diag- 
nosis in one case was not suspected prior to thoracot- 
omy. 

Even though physicians of the endemic area frequently 
see coccidioidomycosis, the unusual presentation of the 
three children reported here caused significant diagnos- 
tic difficulty. Primary coccidioidomycosis must be con- 
sidered in the differential diagnosis of large pleural 
effusions in pediatric patients who have been in the 
endemic region. Such effusions suggest a severe form 
of the disease and may represent evidence of acute 
dissemination. 
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Left Atrial Dimension on the Frontal Thoracic Radiograph: A Method for 
Assessing Left Atrial Enlargement 


CHARLES B. HIGGINS,’ ROBERT T. REINKE, NANCY E. JONES, AND THOMAS BRODERICK 


Left atrial size on the frontal radiograph was assessed by 
measuring the distance from the middle of the “double den- 
sity" to the left main bronchus in 148 normal patients and 48 
consecutive patients with echocardiographic evidence of left 
atrial enlargement. The measurement was less than 7.0 cm in 
96% of normal patients and greater than 7.0 cm in 90% of 
patients with left atrial enlargement. This measurement is 
more easily obtainable than measurements and signs requir- 
ing a cardiac series, and is usually readily available for 
sequential evaluations of left atrial size. It is a less reliable 
gauge of left atrial size in children. 


One of the classical radiographic signs of left atrial 
enlargement is the curvilinear density in the right retro- 
cardiac area ("double density") on the frontal thoracic 
radiograph [1-3]. This curvilinear line represents the 
inferolateral margin of the left atrium when it enlarges in 
the frontal plane [3]. While the presence of this double 
density in adult patients is looked upon as a sign of left 
atrial enlargement, it may be observed in some patients 
without cardiac disease [1, 4]. It is not clear whether the 
double density in normal subjects is produced by the 
margin of the left atrium or the right superior pulmonary 
vein. Since this sign may be evaluated from routine 
chest radiographs and does not necessitate a barium 
swallow and cardiac series, it is a convenient method 
for sequential comparison of left atrial size in patients 
with heart disease. 

Determination of definite left atrial enlargement and 
documentation of temporal variations in atrial size would 
be facilitated if the left atrial size could be quantitatively 
assessed on the frontal radiograph using the easily 
recognizable double density. A quantitative evaluation is 
also important because of the occasional presence of 
the double density in normal subjects. Since no objective 
assessment of enlargement of the left atrium in the 
frontal plane has been available, the purpose of the 
current study was to establish a semiquantitative esti- 
mate of left atrial dimension using the double density. 
The left atrial diameter on the posteroanterior radiograph 
was defined as the distance from the midpoint of the 
double density to the midpoint of the inferior wall of the 
left bronchus. 


Specifically, the current study attempted to establish: 


(1) frequency of observation of the double density and 
the limits of the frontal left atrial dimension in normal 
individuals; (2) the same measurement in patients with 
left atrial enlargement; (3) its reliability in distinguishing 
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normal and enlarged left atria; (4) its constancy on 
sequential radiographs in patients with stable cardiac 
disease or its variability in response to therapy; and (5) 
reliability of the double density in detecting left atria! 
enlargement in children. 


Subjects and Methods 


The 148 patients in the control group were normal volunteers 
who did not have a history of cardiac disease. The echocardi- 
ographic measurement of the anteroposterior left atrial dimen- 
sion confirmed the absence of left atrial enlargement in these 
subjects. Echocardiography in these patients revealed a left 
atrial dimension of less than 4.0 cm and less than 2.0 cm/m'. 
The study group consisted of 48 consecutive patients in whom 
the echocardiographic left atrial dimension was greater than 
4.0 cm and 2.0 cm/m* [4]. It is recognized that the standard 
echocardiographic measurement of left atrial dimension varies 
in orientation by approximately 90° from the dimension reflected 
by the double density. However, an enlarged echocardiographic 
dimension was used only to select patients with left atrial 
enlargement; it was not intended to compare these two meth- 
ods. 

The clinical records and thoracic radiographs obtained within 
24 hr of the echocardiogram were reviewed. The left atrial 
diameter on the posteroanterior thoracic radiographs was mea- 
sured from the midpoint of the curvilinear margin of the double 
density to the midpoint of the inferior wall of the left bronchus. 
The measurement was not corrected for magnification. Stan- 
dard thoracic radiographs were obtained with a high kilovoltage 
technique (120 kVp), and the cardiac series was obtained at 
100-110 kVp. A follow-up radiograph was also evaluated in 
order to determine the constancy or variability of the measure- 
ment in patients with stable cardiac disease and after therapy 
of cardiac disease, respectively. The radiographs in patients 
with stable cardiac disease were separated by at least 3 months. 

The same measurement was evaluated on the posteroanterior 
thoracic radiograph in a group of 30 pediatric patients (ages 2 
months to 15 years) with left atrial enlargement as a conse- 
quence of ventricular septal defect. Left atrial enlargement in 
these patients was confirmed by calculating the maximal dia- 
stolic left atrial volume from biplane angiograms [5, 6] and 
measuring the left atrial diameter on echocardiograms [7]. 

The echocardiograms were performed with a Picker model 
103 ultrasonoscope using a 3.5 MHz, 5 cm focused transducer 
and recorded on a fiberoptic oscillograph (Honeywell model 
1856). The measurements were made on the oscillographic 
record at a point where both walls of the aorta, aortic cusps, 
and the posterior wall of the atrium were visualized. In most 
patients, the transducer was positioned just left of the sternum 
in the fourth intercostal space in order to obtain this record. 
The left atrial dimension was measured as the distance from 
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Fig. 1.—A, Left atrial dimension of less than 7.0 cm on posteroanterior 
radiograph of normal patient (182.9 cm focus-to-film distance). B, Mea- 
surement of greater than 7.0 cm in patient with echocardiographic 
evidence of mild left atrial enlargement. 


the outer margin of the posterior wall of the aorta to the inner 
margin of the posterior wall of the atrium [7]. This echocardi- 
ographic dimension has been shown to accurately reflect left 
atrial volume [4]. 

The difference in the frontal left atrial dimension in normal 
males and females was tested for significance by the paired t 
test. The differences among normal patients in varying decades 
of age and between the normal and abnormal groups were 
tested for significance using the group t test. 


Results 


The curvilinear line was identified as a double density 
in the right retrocardiac area on the frontal radiograph 
of 54 of 61 males (age, 50 + 15.1 years SD) and 64 of 87 
females (age, 45 + 14.9 years) in the control groups (fig. 
1A). In many normal patients this line was faint and 
could be identified only by following the right superior 
pulmonary vein into the cardiac shadow. The left atrial 
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Fig. 2.— Frontal left atrial dimension of 11.5 cm in patient with long 
history of rheumatic mitral stenosis and regurgitation. Echocardiogram 
revealed marked left atrial enlargement (5.8 cm). 


TABLE 1 
Left Atrial Dimension for Normal and Abnormal Groups 




















Males Females 
Group 
Mean SD Range Mean SD Range 

Normal: 

Decade3..6.3 +06 5.1-7.4 5.9 +06 4.3-7.4 

Decade 4 .. 6.1 +06 50-74 6.1 HOT S.3-f.1 

Decade 5.. 6.5 +09 5.6-7.6 58 #07 5.2-7.6 

Decade 6.. 5.9 +0.9 5.5-6.6 6.1 #08 355-5. 
Abnormal.... 9.1 +1.5 6.6-12.4 82 +1.0 6.0-10.4 





diameter in the frontal radiograph averaged 6.26 + 0.66 
cm (range, 5.1-8.0 cm) in males and 6.63 + 0.67 cm 
(range, 4.3-7.6 cm) in females. The average value for 
the entire male population was not significantly greater 
than the female population. When patients were grouped 
by decade of age (table 1), only the average dimension 
for males in the third decade was significantly greater 
than that for females of that decade (P < .05). There 
was no significant variation in the dimension with ad- 
vancing age. Four males and three females had measure- 
ments greater than 7.0 cm; of these, three were greater 
than 7.5 cm. 

In the patients with echocardiographic measurements 
indicative of enlargement of the left atrium, the right 
retrocardiac curvilinear shadow was identified in all 25 
male (age, 63.0 + 14.4 years) and all 23 female patients 
(age, 59.7 + 11.9 years) (figs. 1B and 2). The frontal left 
atrial dimension averaged 9.06 + 1.47 cm in males and 
8.16 + 1.04 cm in females (table 1). Both values were 
significantly greater than in the corresponding control 
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Fig. 3.— Frontal left atrial dimension in patient with mitral stenosis 
before (A) and after (B) therapy for interstitial pulmonary edema. After 
institution of anticongestive therapy and concurrent with alleviation of 


symptomatology, measurement decreased, presumably reflecting reduc- 
tion in left atrial pressure. 


groups. This diameter was greater than 7.0 cm in 24 of 
25 male patients and 20 of 23 female patients. 

In 37 patients with clinically stable and apparently 
compensated disease, the average values for the frontal 
left atrial diameter were not significantly different on 
sequential radiographs obtained at least 3 months apart. 
On the other hand, there were significant variations (P 
< .01, paired t test) in the measurement in response to 
therapy for pulmonary edema (fig. 3) and after replace- 
ment of the mitral valve (fig. 4). In this latter group the 
measurement decreased 0.78 + 0.10 cm between radio- 
graphs obtained before and after a favorable clinical 
response to therapy. However, the measurement did not 
decline to the normal range in any of these patients. 

In 30 children with left atrial enlargement, a distinct 
right retrocardiac curvilinear shadow (double density) 
was detected in only 14 patients. In all 30 children, an 
impression on the barium-filled esophagus was noted 
on the lateral radiograph. Thus a right retrocardiac 
double density is not consistently observed in children 





Fig. 4.—Frontal left atrial dimension in patient with mitral stenosis 
before (A) and after (B) mitral valve replacement. Measurement was 
reduced substantially after valve replacement. 


with definite left atrial enlargement and, as opposed to 
the situation in adults, cannot be relied upon as a plain 
film sign of left atrial enlargement. 


Discussion 


The current study provides a semiquantitative estimate 
of left atrial size which is easily obtainable from the 
routine chest radiograph. A posteroanterior left atrial 
diameter greater than 7.0 cm was present in 90% of 
patients with left atrial enlargement. The measurement 
was greater than 7.0 cm in only 4% of normal patients 
(fig. 5). Thus this sign, which is more simply obtained 
than signs or measurements which depend on an optimal 
cardiac series, reliably distinguishes patients with left 
atrial enlargement from the normal group. Moreover, 
the degree of left atrial enlargement in the study group 
was considered mild by echocardiographic estimation 
in many instances; the echocardiographic left atrial di- 
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Fig. 5.—Histogram showing frontal left atrial dimensions of normal 
(solid circles) and abnormal (open circles) groups by decade. 


mension was 4.0-4.5 cm in 15 of 48 patients in the study 
group. No attempt was made to relate the frontal left 
atrial diameter to the echocardiographic left atrial di- 
mension, since these measurements are at right angles 
to each other. The echocardiographic measurement was 
used merely to select patients with enlarged left atria. 
This echocardiographic dimension bears a reasonably 
close relationship to left atrial volume [4]. 

While the left atrium does not normally impinge upon 
the left bronchus, the enlarged atrium does encroach 
upon it. Therefore, the measurement on theoretical 
grounds tends to overestimate left atrial size in normal 
patients. In spite of this consideration, the frontal left 
atrial diameter in the normal population was nearly 
always below the minimum value measured in patients 
with left atrial enlargement. 

On the other hand, the right retrocardiac double den- 
sity was an unreliable sign of left atrial enlargement in 
children. A double density was detectable in only 47% of 
children with left atrial enlargement. Moreover, a double 
density is frequently observed in normal children [8]. 
The disparate occurrence of this sign in children and 
adults is unexplained. The semiquantitative measure- 
ment of left atrial size in the sagittal plane described by 
Westcott and Ferguson [9] is also unreliable in young 
children. Assessment of the left atrium in relation to the 
barium-filled esophagus remains as the most and per- 
haps the sole reliable parameter of left atrial size in 
young children [8, 10]. 


The current study elicited no difference in left atrial 
size in relation to sex or decade of age. Other investiga- 
tors have detected a slightly smaller average left atrial 
diameter and volume in normal female patients [11]. 

The left atrial diameter measurement in the current 
study was relatively constant over several months in 
patients with stable and presumably well compensated 
disease. However, the measurement varied significantly 
in patients whose clinical states were dramatically im- 
proved by medical or surgical therapy. Since numerous 
posteroanterior chest films are usually available span- 
ning many years in the course of mitral valve disease 
and other chronic cardiac diseases, utilization of this 
measurement may provide an estimate of the signifi- 
cance or severity of mitral valve disease by demonstrat- 
ing progressive left atrial enlargement. It may also pro- 
vide an objective sign of a favorable response to surgical 
intervention. 

Most other signs of left atrial enlargement are purely 
subjective or require an optimal cardiac series in order 
to produce comparative measurements. For instance, 
the method described by Westcott and Ferguson [9] 
estimated the left atrial dimension in the lateral view by 
measuring the distance from the anterior border of the 
right pulmonary artery to the anterior wall of the esoph- 
agus, and correlated closely with echocardiographic 
measurements. This "right pulmonary artery-left atrial 
axis line" also provides a quantitative estimate of left 
atrial diameter in a plane oriented 90° to the method in 
the current study. Use of both methods should increase 
accuracy in detecting left atrial enlargement and pro- 
duce a quantitative estimate of left atrial volume. The 
current method may have greater utility in the sequential 
evaluation of patients. This is particularly true in the 
retrospective evaluation of patients, since sequential 
cardiac series, which are necessitated by the method of 
Westcott and Ferguson [9], may not be available. More- 
over, the latter diameter depends upon visualization of a 
distinct anterior border of the right pulmonary artery 
which may be obscured by distended pulmonary veins. 
This is not uncommon in the presence of mitral valve 
disease. 

In conclusion, the current study provides measure- 
ments for use in determining whether a double density 
in the right retrocardiac area on the posteroanterior 
chest radiograph is indicative of left atrial enlargement 
in adult patients. This measurement, which is simple to 
obtain, should permit sequential comparison of left atrial 
size in patients with mitral valve disease. 
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Furosemide-augmented Intravenous Urography: 
Results in Essential Hypertension 


LEE B. TALNER,' RICHARD A. STONE,? MARC N. COEL ? STEVEN B. LEVY,2 AND CHARLES W. EMARINE* 


Giving an intravenous diuretic during urography (furosem- 
ide-augmented urography, vasodilated urography) causes 
renal swelling which is easily measured. Several investigators 
have used this observation as the basis of a screening test 
for renovascular hypertension. They found that normal kid- 
neys enlarge in area by more than 10%, while kidneys with 
renal artery stenosis show a blunted size response, usually 
less than 5%. We used the technique in 46 patients with 
proven essential hypertension in order to further examine its 
potential usefulness in the hypertensive population. The 92 
kidneys showed an average area increase of only 7.0% + 
3.6% SD, and only 15% of the kidneys enlarged by more than 
10%. Based on these observations we doubt that vasodilated 
urography will be valuable as a screening test for renovascu- 
lar hypertension because of the high incidence of false posi- 
tive and indeterminate results in patients without renal artery 
stenosis. 


Introduction 


Rapid sequence urography has not proved to be a 
satisfactory screening test for renovascular hyperten- 
sion. In 1972, Wolf and Wilson [1] proposed so-called 
vasodilated excretory urography as a more accurate and 
sensitive screening test, and in 1973 Wolf [2] reported 
encouraging results of clinical trials. Our purpose was 
to examine prospectively the accuracy of the technique 
in hypertensive patients who would be having angiogra- 
phy and renal vein renin determinations to establish the 
presence or absence of renovascular hypertension. As 
part of a clinical investigation of the renin-angiotensin 
system in essential hypertension, 45 patients entered a 
lengthy protocol which included vasodilated urography, 
aortography, renal arteriography, and renal vein renin 
determinations. 


Subjects and Methods 
Clinical Material 


All 45 patients were hospitalized for at least 10 days and 
underwent an extensive battery of chemical tests including 
blood urea nitrogen, plasma creatinine concentration, and 
creatinine clearance. Peripheral venous renin activity was mea- 
sured after the patient had been on a high salt diet for 5 days, 
and again after he had been on a low salt diet (20 mEq sodium/ 
day) for 5 days. Furosemide-augmented urography was per- 
formed on day 5 at the end of the high salt period, and renal 
vein renin measurements and angiography were performed at 
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the end of the low salt period. In five patients, the kidneys 
could not be traced accurately on one or more films; as 
a result they are not included in the analysis of results. 

All patients had creatinine clearances in the normal range. 
Based on the results of the biochemical tests, angiography, 
and renal vein renin measurements, these 40 patients all had 
essential hypertension. An additional six patients at two other 
hospitals had vasodilated urography and angiography and also 
satisfied the criteria for essential hypertension. The dietary 
sodium intake was not controlled in these latter patients. Thus 
a total of 46 patients with essential hypertension who underwent 
vasodilated urography form the basis of this report. All were 
men, and the average age was 38.0 years + 10.4 SD. There 
were 37 white and nine black patients. The entire clinical 
investigation was approved by the Human Use Committee of 
the University of California, San Diego, and all patients gave 
informed written consent. 


Technique 


All subjects received a cathartic on the afternoon before 
urography and had nothing by mouth after midnight. Prelimi- 
nary films were taken full length and coned to the kidneys. A 50 
ml bolus of either sodium iothalamate (Conray-400, Mallin- 
ckrodt) or sodium-meglumine diatrizoate (Renografin-76%, 
Squibb) was inejcted rapidly, usually in less than 30 sec. 
Radiographs coned to the kidneys were taken at 15 sec and 
1.5, 2, 2.5, and 3 min after injection. A full length film was 
taken at 5 min followed by a coned-down film of the kidneys at 
10 min. Immediately after the coned film, 40 mg of furosemide 
was injected intravenously over 30 sec. Ten minutes later a film 
coned to the kidneys was taken preceded by a bolus intravenous 
injection of 50 ml contrast material. The latter was administered 
to restore the nephrogram to permit accurate tracing of the 
renal outlines. 

The rapid sequence portion of the examination was assessed 
for signs of renovascular disease using the following criteria: 
(1) difference in renal length (right greater than left by 1.5 cm 
or more, or left greater than right by 2.0 cm or more); (2) 
discrepancy of at least 30 sec in the appearance time of contrast 
material in the calices; and (3) subjective difference in density 
of contrast material in the collecting system at any time. The 
rapid sequence portion of the examination was scored as 
abnormal if one or more of the above findings were present. 
Ureteral notching was not seen in any of these patients. 


Measurement of Renal Area 


Because the renal outlines were often incompletely visualized 
on the preliminary films, the film taken 15 sec after contrast 
injection was used for measurement of "baseline" renal area. 
Renal outlines were traced with a thin waxed pencil on the 
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TABLE 1 
Renal Area Enlargement 


Area Increase* No. Kidneys 
0%-4.9% ic sss vindacves 23 
5.095-9.996 TO dons 55 
SOUS i. hoe ind Rub on Wid een a eck 14 

WOM nxdeveckivvake de 92 


* Percentage increase over baseline measured 10 min after 
furosemide injection. Average increase was 7.0% + 3.6% SD. 


initial 15 sec film and on the postfurosemide film, and were 
transferred to tracing paper. A medial tangent line was drawn 
between the upper and lower poles. Renal area was measured 
using a compensating polar planimeter and was expressed in 
square centimeters. All tracings and measurements were done 
or checked by one of us (L. B. Talner or C. W. Emarine). 


Results 


Three patients had a positive rapid sequence urogram, 
two on the basis of a 1 min delayed appearance, and 
one on the basis of a 2.0 cm length differential. 

Table 1 summarizes the area changes from the initial 
15 sec film to the 10 min postfurosemide film in 92 
kidneys. The average area increase for each kidney was 
7.0% + 3.6% SD. Twenty-three kidneys (25%) increased 
between 0% and 4.9%, 55 kidneys (60%) increased be- 
tween 5.0% and 9.9%, and 14 kidneys (15%) increased 
more than 10% in area. Table 2 groups the same data 
according to whether the two kidneys of each patient 
enlarged 0%-5%, 5%-10%, or by more than 10%. For 
the entire group the average difference in enlargement 
of the paired kidneys of each patient was 2.6% + 1.8 
(range, 0.4%-7.8%). 

The data were tested to see whether the degree of 
renal enlargement correlated with patient age, mean 
blood pressure, or supine peripheral venous renin activ- 
ity in the sodium-depleted state. The correlation coeffi- 
cients were .30, .09, and —.10, respectively; none was 
Statistically significant (P > .10). 


Discussion 


In 1972, the National Cooperative Study on Hyperten- 
sion [3] evaluated the results of rapid sequence urogra- 
phy as a screening test for renovascular hypertension. 
In patients with unilateral renal artery stenosis who were 
cured or improved by surgery, the rapid sequence uro- 
gram was positive in 83%. The 17% false negative studies 
attested to the inadequacy of rapid sequence urography 
as a screening test. In other studies, radionuclide ren- 
ography [4] and the saralasin infusion test [5, 6] have 
similarly proved to be less than foolproof as screening 
tests. 

Several investigators have proposed that peripheral 
renin activity, either measured under controlled condi- 
tions [7] or related to urinary sodium excretion [8], is a 
reliable screening test for renovascular hypertension. 
While a high peripheral renin activity is found in many 
patients with renovascular hypertension, this is not uni- 
formly the case [9, 10]. Peripheral renin activity measure- 


TABLE 2 
Enlargement Grouped by Paired Kidneys 


Average Differ- 


Area Increase ur nen 
(%) 
Both 096-596 ........... 7 Tá 
One 0%-5%, one 5%- 

(Loco TE PEE: 9 3.8 = 2.0 
Both 5%-10%.......... 20 2.0 * 1:5 
One 596-1096, one 10%- 

lo WERE PEE 6 3.3 :* 1.86 
Bol 210 sore Ra 4 4.0 + 2.1 

TOM | nea s 46 25:19" 


Note. — Measurements taken 10 min after furosemide injec- 
tion. 
* Range, 0.426-7 895. 


ments cannot yet be considered an ideal screening test 
for renovascular hypertension. 

Even though rapid sequence urography is not an ideal 
screening examination for renovascular hypertension, 
urography continues to be performed in many hyperten- 
sive patients younger than 50 years of age, and in 
patients over 50 with severe or difficult to manage 
hypertension. While a major indication for urography in 
these patients is to screen for nonvascular renal disease 
(e.g., atrophic kidney, hydronephrosis, cyst, tumor, 
polycycstic disease) which might be responsible for 
hypertension, it would be most gratifying if a simple 
modification of standard urography could transform it 
into a truly acceptable screening procedure. In this 
context, the encouraging results of Wolf with vasodilated 
urography were most welcome [2, 11]. 

The rationale for the technique is as follows. Normal 
kidneys enlarge in response to the injection of a diuretic. 
Urographic contrast material, an osmotic diuretic, 
causes modest renal enlargement within several minutes 
after inejction [1, 2, 12, 13]; but furosemide, a loop 
diuretic, causes a more marked and consistent increase 
in renal size. Wolf considered the increase in renal size 
to result from an increase in renal blood flow caused by 
the diuretic; hence, the term vasodilated excretory urog- 
raphy [1]. However, recent animal experiments [14] sug- 
gest that the increased tubular volume accompanying 
the diuresis is a more likely cause for renal enlargement. 
Consequently, the term vasodilated excretory urography 
may not be entirely appropriate. Nevertheless, Wolf ob- 
served that kidneys with renal artery stenosis failed to 
enlarge in response to furosemide, presumably because 
such kidneys were already maximally vasodilated to 
compensate for the stenosis. It followed that if during 
urography furosemide injection caused the kidney to 
increase substantially in size, no stenosis was present. 
Conversely, if a kidney failed to enlarge, stenosis very 
likely was present. It was found that measurements of 
renal area changes were more reliable than measure- 
ments of renal length changes; and that an area increase 
greater than 10% was definitely normal, while an area 
increase of less than 5% was definitely abnormal and 
indicated a high likelihood of stenosis [1]. Here then 
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was an absolute measurement which could potentially 
detect bilateral stenosis, a long recognized deficiency of 
standard rapid sequence urography. 

In our 46 patients with angiographically proved essen- 
tial hypertension, the incidence of false positive vasodi- 
lated urography, using the above criteria, was 25%. That 
is, 23 of 92 kidneys had less than 5% increase in renal 
area after furosemide. The area increased 5%-9.9% in 
6096 of the kidneys. According to Wolf, this is a "gray" 
area of limited clinical value [1]. Only 15% had a greater 
than 1096 area increase, the definite "normal" response. 
While we have not used the technique in many patients 
with renovascular hypertension, the widely varying re- 
sults in our patients with essential hypertension suggest 
that vasodilated urography will not be a useful screening 
test for renovascular hypertension because of the large 
number of false positive and indeterminate studies. 

In our patients, no correlation was demonstrated be- 
tween the degree of renal enlargement and age, race, 
blood pressure, or peripheral renin activity. The average 
renal enlargement following contrast material and furo- 
semide was 7%. This is considerably less than that found 
by Wolf [1] and Dorph and Oigaard [15] in related studies 
on patients with essential hypertension. There are sev- 
eral factors which might explain at least part of the 
discrepant results. 

As originally described [1], the essential elements of 
the technique were: (1) 50 ml bolus injection of sodium 
iothalamate over 20-30 sec; (2) films at 30 sec, 1, 2, 3, 5, 
8, and 15 min; (3) 50 mg ethacrynic acid injected intra- 
venously 3-5 min after the contrast material; (4) infusion 
of contrast material plus saline to maintain the nephro- 
gram; and (5) tracing of renal outlines and comparison 
of 15 min film with preinjection film. Performed this 
way, vasodilated urography yielded an average renal 
enlargement of 16% in patients with essential hyperten- 
sion. However, since this type of study precluded a 
reliable anatomic study of the kidneys, Wolf recom- 
mended that the protocol be modified as follows: (1) 
inject bolus of contrast material as usual; (2) obtain 
films over a 10 min period to yield a standard anatomic 
examination of the urinary tract; (3) inject ethacrynic 
acid or furosemide intravenously; (4) infuse dilute con- 
trast material; and (5) take coned film of kidneys 10 min 
after injection of the diuretic. 


Diuretic Agent 


Dorph and Oigaard [15] examined a variety of diuret- 
ics: mannitol, urea, furosemide, and ethacrynic acid. 
All were found to cause a maximum 11% increase in 
renal area during clinical urography. Moreover, giving 
ethacrynic acid just after a bolus of contrast material 
caused no greater enlargement than giving it 10 min 
after contrast material injection. Hence, the fact that we 
used furosemide rather than ethacrynic acid should not 
explain our smaller observed area increase. 


Preurography Salt Intake 


The large majority of our patients were on a liberal 
salt intake for the 5 days prior to the examination. Based 


on experimental studies showing that preloading with 
salt maximizes the increase in renal blood flow [16] as 
well as the diuresis following furosemide injection [17], 
we would have predicted that our patients would dem- 
onstrate a maximum renal enlargement. In another 79 
patients with presumed essential hypertension (normal 
rapid sequence urogram, but no angiographic confir- 
mation), we performed the study without controlling the 
dietary sodium or stopping medications. The average 
enlargement of these 158 kidneys was 6.6% + 4.4% SD 
(L. B. Talner, unpublished data). Since this is no differ- 
ent from the response in the sodium-repleted patients, 
we conclude that the liberal sodium intake itself does 
not account for the unexpectedly small renal enlarge- 
ment in our study group. 


Film for Baseline Measurements 


Wolf [1] found that the kidney outlines could be traced 
on 92% of the preliminary x-rays (baseline area). In the 
remaining patients the film taken 30 sec or 1 min after 
contrast material injection was used for the "baseline" 
tracings, assuming a 2% or a 5% area increase, respe- 
citvely, to result from the contrast material itself. In our 
patients, in spite of attempted bowel cleansing with 
cathartics the day before, we generally were unable to 
see the major portion of the renal shadows on the 
preliminary films. Consequently, we used the film taken 
15 sec after contrast injection as our baseline in all 
patients. In several patients in whom the kidneys could 
be seen clearly on the preliminary films as well as on the 
15 sec postcontrast film, there was either no difference 
in area or a slight (196) decrease in area on the 15 sec 
film. This agrees with our animal studies [14], and the 
clinical studies of Dorph and Oigaard [12]. We did not 
use a correction factor for the 15 sec "baseline" area 
and do not believe this is in any way responsible for the 
discrepant results. 


Time of Postdiuretic Film 


After injection of a diuretic, maximum renal enlarge- 
ment occurs between 10 and 15 min [1, 12]. Our 10 min 
postfurosemide film should have been appropriate to 
demonstrate the maximum renal size change. 


Maintaining the Nephrogram 


Intravenous administration of a diuretic during ur- 
ography causes rapid dilution of the contrast material in 
the collecting system and an accelerated fading of the 
nephrogram. While in some patients the kidneys may 
still be traced accurately on the 10 min postdiuretic film, 
in many others they will be too faint or partially hidden 
by bowel gas. For this reason, additional contrast mate- 
rial is given in an attempt to guarantee a successful 
postdiuretic film. We chose to inject a 50 ml bolus of 
contrast material 15 sec before the late film to achieve a 
maximally dense nephrogram and thereby facilitate the 
tracing of the renal outlines. Wolf [1], rather than inject- 
ing a bolus of contrast material, recommended infusing 
dilute contrast material during the period between di- 
uretic injection and the late film. When we analyzed our 
results and found the relatively small renal enlargement, 
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we considered the possibility that this departure in tech- 
nique (i.e., bolus rather than infusion) accounted for at 
least part of the difference in results. Such a considera- 
tion was based on the knowledge that a slow infusion of 
contrast material contributes to renal enlargement while 
a bolus injection causes a temporary mild shrinkage [14]. 

To test this possiblity, we recently studied 19 patients 
with an average age of 38.6 years + 17.4 SD who were 
presumed to have essential hypertension based on clini- 
cal, laboratory, and urographic findings and/or angio- 
graphic findings (nine patients). Vasodilated urography 
was performed with either meglumine-sodium iothala- 
mate (Vascoray, Mallinckrodt) or sodium-meglumine dia- 
trizoate (Renografin-76%) as described in the methods 
section, with the sole exception that 50 ml of contrast 
material was infused during the 5 min preceding the 10 
min postfurosemide film. With this technique, renal 
swelling averaged 7.6% + 5.2% SD in the 38 kidneys. 
Eleven kidneys (29%) increased 0%-4.9%, 17 kidneys 
(45%) increased 5%-9.9%, and only 10 kidneys (26%) 
increased in area by 1096 or more. Based on this experi- 
ence, we do not believe vasodilated urography is useful 
as a screening test in renovascular hypertension. 
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Ultrasonic Evaluation of Renal Calculi 


STEVEN EDELL' AND HARRY ZEGEL? 


Nine patients with radiographic evidence of renal calculi 
were evaluated with gray scale renal ultrasonography. A 
characteristic ‘‘sonic shadow” caused by the calculus was 
adequately demonstrated in each case. This paper discusses 
the advantage of ultrasound in evaluating the presence of 
nonopaque and opaque renal stones. 


The accuracy and reliability of renal ultrasonography 
has been well documented [1-3]. Little attention, how- 
ever, has been given to its role in the evaluation of renal 
calculi. We present our experience in detecting renal 
calculi, as well as review the literature. Advantages of 
gray scale ultrasound over conventional urography are 
discussed. 


Case Material 


Nine patients with known or suspected renal calculi 
were evaluated with gray scale ultrasonography. Of 
these, seven had documented calculi on plain radio- 
graphs. One patient had a poorly mineralized stone 
which was originally overlooked, while another patient 
showed no evidence of radiopaque stones with conven- 
tional radiography. A commercially available Picker L-80 
unit with a 2.25 MHz internally focused transducer was 
used. Patients were scanned prone in both longitudinal 
and transverse projections. 


Results 


The plain film radiographic presentation of a large left 
staghorn calculus is illustrated in fig 1A. Figures 1B and 
1C demonstrate the shadowing effect of the renal calcu- 
lus on longitudinal and transverse gray scale echograms. 

In another patient a scout radiograph (fig. 2A) showed 
the presence of two calculi in the left kidney. A delayed 
film following arteriography for gastrointestinal bleeding 
demonstrated hydronephrosis (fig. 2B). The previously 
noted calculi were obscured within the dilated and opa- 
cified pelvocalyceal system. A corresponding longitudi- 
nal echogram (fig. 2C) showed the hydronephrosis and 
illustrated the shadowing of the calculus within the 
hydronephrotic portion of the kidney. 

A large left staghorn calculus one month later is 
illustrated in figure 3A. The patient underwent surgery 
to remove the calculus; numerous fragments remained. 
A nephrostomy tube was inserted and 2-3 liters of 
Renacidin was infused daily in a 10% solution in an 
attempt to dissolve the remaining fragments. No opaque 
calculi were seen on plain film after 1 month of Renacidin 
therapy (fig. 3B). A nephrostogram (fig. 3C) revealed 
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numerous filling defects representing residual "matrix 
stones without calcification. The corresponding echo- 
gram (fig. 3D) demonstrated the stones with their char- 
acteristic sonic shadows. 


Discussion 


Ultrasonography is a fast reliable method of evaluating 
calculus disease. Currently available gray scale units 
with television scan converters provide better resolution 
of the internal renal structures than older B-scan bistable 
units [4]. Immediate information is visually displayed on 
the oscilloscope, and permanent films are recorded for 
further analysis and reporting. 

Renal ultrasound can be readily performed in patients 
who are sensitive to contrast agents. The examination is 
obviously independent of renal function, which is 
uniquely helpful in severe renal failure where calculus 
disease may be the cause of the obstructive uropathy [5, 
6]. Andaloro et al. [7] report the use of intraoperative 
ultrasound to localize a stone in a calyceal diverticulum, 
when more conventional techniques would have been 
inadequate. 

The renal calculus completely reflects sound waves, 
casting a sonic shadow behind the stone [1, 8]. Although 
these shadowing effects have been well demonstrated 
with cholelithiasis [4, 9], they have not been as widely 
accepted in evaluating renal calculi. Although the thick- 
ness of the stone may not be revealed, this acoustical 
shadowing allows enhanced visual recognition of the 
calculus. This effect is particularly advantageous in de- 
termining calyceal or pelvic obstruction by a stone, 
which may not be demonstrated on conventional urog- 
raphy [1, 3]. 

Ultrasonography can detect both radiopaque and 
radiolucent stones; it may even offer a relative indication 
of their composition [8]. In analyzing purely radiolucent 
urate or xanthine stones, which comprise 4% and less 
than 1% of renal calculi, respectively [10], ultrasound 
may prove to be most beneficial. When one stone has 
been demonstrated radiographically, ultrasound may de- 
tect additional faintly calcified stones which would other- 
wise have been overlooked [8]. In our series, the intensity 
of the acoustic shadow did not depend on either the 
size or composition of the stones. 

Ultrasound also can detect matrix stones which cannot 
be visualized on the plain radiograph. With increasing 
numbers of patients being treated with Renacidin infu- 
sions, the calcific portions of the stones may become 
dissolved although the matrix stone remains. To our 
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Fig. 2.—A, Plain film showing two left renal calculi (arrows). B, 

Fig. 1.—A, Plain film showing left staghorn calculus. B and C, Delayed film following arteriography demonstrating hydronephrosis. Cal- 

Longitudinal and transverse renal echograms demonstrating sonic culi are now obscured. C, Longitudinal renal echogram showing sonic 
shadows (arrows). shadow of calculus and hydronephrosis. 
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Fig. 3.—A, Plain film showing large left staghorn calculus. B, Plain film 1 month later without evidence of left renal calculi. C, Nephrostogram 
performed at same time as B showing multiple filling defects. D, Transverse renal echogram showing matrix stones (arrows) with characteristic sonic 


shadow. 


knowledge, use of renal ultrasound in detecting matrix 
stones has not been published. This would seem to be 
an extremely beneficial technique in monitoring the 
success of Renacidin therapy in dissolving renal calculi. 
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Pancreatic Pseudocysts: Unusual Ultrasound Features 


MELVYN R. CONRAD,' MICHAEL J. LANDAY,' AND MICHEL KHOURY? 


Three unusual cases of pancreatic pseudocyst are de- 
scribed in which primary renal or splenic pathology was 
simulated on ultrasound imaging. When an abnormal fluid 
collection is imaged in a patient with a history of alcoholism, 
a pancreatic pseudocyst should be considered and an amy- 
lase determination should be obtained on any aspirated fluid. 


Pancreatic pseudocysts are estimated to occur in 10% 
of patients with a history of chronic alcoholism [1]. 
Sonography, a noninvasive imaging modality, has be- 
come the primary means of diagnosing the presence of 
a pseudocyst and documenting its growth or regression 
[2]. However, pseudocysts have been known to have 
confusing clinical and roentgenographic findings. The 
following are three cases of pancreatic pseudocyst hav- 
ing unusual findings on the sonogram. 


Case Reports 
Case 1 


A 39-year-old chronic alcoholic was admitted with a 1 month 
history of nausea, vomiting, and increasingly severe epigastric 
pain radiating to the left flank. Physical examination showed 
mild left flank tenderness. The serum amylase was moderately 
elevated (360 Somogyi units; normal, less than 320 units). A 
large left kidney was suggested on the plain abdominal film, 
and excretory urography demonstrated a poorly functioning 
left kidney with a mass involving the upper pole (fig. 1A). 
Sonography showed a normal pancreas on supine sections 
(fig. 1B) and the middle and upper portion of the left kidney 
wedged between a large posterior perinephric collection and a 
smaller anterior collection (fig. 1C). 

Percutaneous puncture of the posterior collection under 
ultrasound control produced a clear burgundy nonclotting fluid 
with markedly elevated amylase (68,000 units; normal, less than 
4,000), 280,000 red blood cells/ml, and 25,000 white blood 
cells/ml. At surgery, a large pancreatic pseudocyst was found 
which originated in the tail of the pancreas and encircled the 
upper pole of the left kidney. Following surgery, renal function 
improved. 

Comment. A renal mass was erroneously suggested on the 
excretory urogram. However, the sonogram showed a large 
cystic collection which was separate from the kidney. Correct 
diagnosis of a pseudocyst was made by determination of the 
amylase in the aspirated fluid. The importance of obtaining 
prone views through the left kidney to assess the tail of the 
pancreas is also demonstrated. 


Case 2 


A 37-year-old alcoholic was admitted because of increasing 
abdominal distension and jaundice for 3 weeks. Although the 
patient had fallen several times in the past 2 months, there was 
no specific history of trauma to the left upper quadrant or of 
localized pain. The patient continued to work at two jobs until 
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the day of admission. Physical examination revealed diffuse 
abdominal tenderness and distension without a definitely pal- 
pable mass. Hemoglobin was 11.1; hematocrit, 31; and serum 
amylase, normal on multiple determinations (less than 320 
Somogyi units). Paracentesis yielded 300 ml of thick dark brown 
fluid containing greater than 5,000 red blood cells/ml and 
25,000 white blood cells/ml. 

Sonography revealed a large cystic mass in the left upper 
quadrant contiguous with and displacing the spleen medially 
(fig. 2A). A distinct interface between the cystic collection and 
the superior portion of the spleen was absent (fig. 2B). Liver- 
spleen scan confirmed the marked medial displacement of the 
spleen and marked compression of the lateral margin. Angiog- 
raphy showed a mass along the lateral margin of the spleen 
with stretched splenic vessels (fig. 2C). A diagnosis of subcap- 
sular hematoma was made. The patient underwent surgery. 
and a large necrotic pancreatic pseudocyst involving the lateral 
and superior portion of the spleen was drained. 

Comment. Surgery would not have been done immediately 
had a pseudocyst been diagnosed. The lateral location of the 
cystic mass and the lack of a continuous distinct interface 
between the cystic mass and the spleen resulted in confusion 
with a splenic subcapsular hematoma. The phlegmenous in- 
flammatory reaction associated with the pseudocyst probably 
was responsible for the obscuration of the interface between 
the pseudocyst and the spleen. 


Case 3 


A 52-year-old chronic alcoholic with documented cirrhosis 
was admitted with a 3 week history of muscle cramping and 
intermittent nausea. There was no history of abdominal or flank 
pain, changes in bowel or urinary habits, or other symptoms 
referable to the gastrointestinal or genitourinary systems. On 
physical examination, the patient was febrile (temperature 
38.8°C), tremulous, and had a distended abdomen with a pal- 
pable nodular firm mass in the left upper quadrant extending 
inferiorly to the iliac crest. Hematocrit was 34.7, and white 
blood cell count was 13,700 with 83% polymorphonuclear cells. 
Serum amylase was minimally elevated on one occasion (337 
Somogyi units) and subsequently returned to normal (less than 
320 Somogyi units). 

Sonography revealed the palpable left upper quadrant mass 
to be the left kidney which was displaced anteriorly by a large. 
irregularly marginated posterior perinephric collection (figs. 3A 
and 3B). The pancreas was obscured by gas on supine scan- 
ning. The excretory urogram was normal except for anterolat- 
eral displacement of the left kidney (figs. 3C and 3D). The 
upper gastrointestinal series demonstrated a mass on the left 
side. Aspiration of the mass yielded brownish red cloudy fluid 
with an amylase of greater than 2,400. Cultures grew Klebsiella 
pneumoniae. At surgery, a huge infected pseudocyst through- 
out the left retroperitoneum and crossing the midline to the 
level of the hilum of the right kidney was drained. 

Comment. The findings on the sonogram were indistinguish- 
able from those seen in a perinephric abscess. However, good 
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Fig. 1.—Case 1. A, Excretory urogram showing poor function in left 
kidney and suggestion of mass involving upper pole (arrow). B, Transverse 
section, patient supine, showing normal pancreas (P). A = aorta, S = 
splenic vein, medial portion. C, Longitudinal section through left kidney, 
patient prone, showing upper pole compressed between larger posterior 


cystic collection (C) and smaller anterior one (c'). K = kidney. 


renal function and a well defined renal margin on the excretory 
urogram is rare in a perinephric abscess of renal origin. The 
elevated amylase in the purulent aspirated fluid established a 
definitive diagnosis of an infected dissecting pseudocyst, of 
which only the small posterior perinephric portion was appreci- 
ated on the sonogram. 


Discussion 


The diagnosis of pancreatic pseudocyst by ultrasound 
is usually straightforward and is established by imaging 
an encapsulated cystic collection in the region of the 
pancreas and lesser sac. However, because of the 
release of proteolytic enzymes from the pancreas during 
pancreatitis, pseudocysts have the potential for exten- 
sive dissection in the retroperitoneum and for appearing 





in unusual and remote locations such as in the lower 
abdominal cavity or mediastinum [3, 4]. 

Dissection of pancreatic enzymes most commonly oc- 
curs in a craniocaudad direction [5]. Although the lieno- 
renal ligament provides a natural pathway to the splenic 
hilum for released pancreatic enzymes, direct involve- 
ment of the spleen by a dissecting pseudocyst is uncom- 
mon [6]. However, in rare instances erosion into the 
spleen has occurred resulting in spontaneous rupture 
and/or an intrasplenic pseudocyst [6-8]. Case 2 illus- 
trates the confusion that may arise in the presence of a 
dissecting pseudocyst. Although Asher et al. [9] reported 
a "double contour" sign using bistable imaging as a 
reliable means of diagnosing a splenic subcapsular he- 
matoma, differentiation from a dissecting pancreatic 
pseudocyst or a pseudocyst eroding through the splenic 
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Fig. 2.—Case 2. A, Transverse section through upper abdomen showing large cystic mass (m) with internal echoes compressing spleen (S) 
medially. K = kidneys, L = liver. Arrow indicates plane of section in fig. 2B. B, Coronal section through left upper quadrant with patient in right lateral 
decubitus position (see A). Splenic parenchyma (S) is compressed medially by septated cystic mass (m). Note lack of well defined interface between 
superior portion of spleen and cystic collection (arrow). d — left hemidiaphragm, K — left kidney. C, Arteriogram interpreted as showing subcapsular 
hematoma of spleen evidenced by compression of splenic margin and stretched splenic vessels. 


capsule may not be possible when a distinct interface is 
not seen (e.g., case 2). 

Primary renal disease may also be simulated by a 
dissecting pancreatic pseudocyst. Renal displacement 
is usually seen involving the left kidney, and Gerota's 
fascia remains intact forming a protective barrier [10]. 
However, in our two patients with renal involvement this 
was not the case, and perirenal disease was simulated. 
In case 3 a perinephric abscess was simulated, and in 
case 1 the renal parenchyma was markedly compressed 
between the anterior and posterior components of the 
perinephric pseudocyst so that an intrinsic renal mass 
was mimicked on the excretory urogram. 

Pancreatic pseudocysts must be considered in all 
patients with a history of chronic alcoholism who have 
evidence of an abnormal cystic collection by sonogra- 
phy. The extent of retroperitoneal involvement by a 
pancreatic pseudocyst may be assessed only to a limited 
degree by sonography due to frequent obscuration by 
bowel gas. This was evident in cases 1 and 3 where only 
the small perinephric portion was imaged, although 
extensive retroperitoneal dissection had occurred. A 
normal serum amylase does not exclude the possibility 
of a pancreatic pseudocyst, and if cyst aspiration is 


done, an amylase determination must be obtained to 
exclude the possibility of a dissecting pancreatic pseu- 
docyst. 


ACKNOWLEDGMENTS 


We gratefully acknowledge the assistance of Mary Nell Ryals 
and Mary Starling in the review and preparation of this manu- 
script, respectively. 


REFERENCES 


1. Caravati CM, Ashworth J, Frederick P: Pancreatic pseudo- 
cysts: a medical evaluation. JAMA 197:144-148, 1966 

2. Leopold GR: Pancreatic echography: a new dimension in 
the diagnosis of pseudocyst. Radiology 104:365-369, 1972 

3. Kirchner SG, Heller RM, Smith CW: Pancreatic pseudocyst 
of the mediastinum. Radiology 123:37-42, 1977 

4. Poppel MH: Some migratory aspects of inflammatory col- 
lectins of pancreatic origin. Am J Roentgenol 72:323-329, 
1959 

5. Thomford NR, Jesseph JE: Pseudocyst of the pancreas. 
Am J Surg 118:86-93, 1969 

6. Rmaer M, Diznoff SB, Hewes AC: Intrasplenic pancreatic 
pseudocyst: another cause of splenomegaly. C/in Radio! 
25:525-529, 1974 


268 CONRAD ET AL. 


Kai. RR 


Ww oT 





Fig. 3.—Case 3. A, Supine longitudinal section revealing palpable abdominal mass to be left kidney (k) markedly displaced anteriorly by large 
posterior sonolucent collection (c). B, Transverse section through kidneys, patient prone, showing posterior perinephric collection (c) on left side. k — 
kidneys, S — spine. C, Excretory urogram showing lateral displacement of lower pole of left kidney. D, Film in left posterior oblique position during 
excretory urogram showing anterior displacement of lower portion of left kidney. 
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Sonographic Evaluation of Mesenteric and Omental Masses in Children 


JACK O. HALLER,’ MORTON SCHNEIDER,' E. GEORGE KASSNER,’ THOMAS L. SLOVIS,* AND LOUIS J. PERL? 


Masses in the mesenteries and omentum are often difficult 
to diagnose by conventional radiographic techniques. Gray 
scale sonography was a valuable adjunct to radiographic 
vector analysis in four children with such masses. Masses 
that are clearly separable from the liver and spleen and do 
not distort identifiable extraperitoneal structures are probably 
intraperitoneal. In children most cystic intraperitoneal masses 
are related to the mesenteries, omentum, ovary, or bile ducts. 
An anterior fluid collection with internal septa (which might 
be mistaken for loculated ascites) is the typical sonographic 
appearance of an omental cyst. Echogenic masses are more 
difficult to evaluate: careful study of the acoustical features 
yielded important information in cases of omental lipoma and 
rhabdomyosarcoma metastatic to the mesenteries and omen- 
tum. 


Masses in the mesenteries and omentum are often diffi- 
cult to diagnose by conventional radiographic tech- 
niques. Often the diagnosis is not considered until bar- 
ium studies show an intraperitoneal mass that is extrinsic 
to the gastrointestinal tract. We found that gray scale 
sonography depicts important features of such masses. 
We report the sonographic findings in four children with 
masses in the mesenteries or omentum. 


Case Reports 
Case 1: Mesenteric Cyst 


A 3'/zyear-old girl was admitted for evaluation of a firm 
nontender right upper quadrant mass discovered during a 
routine physical examination. She had sustained a minor injury 
to the upper abdomen in a fall 2 weeks earlier. The remainder 
of the physical examination and routine laboratory studies were 
normal. Plain radiography of the abdomen showed a large soft 
tissue mass; the medial aspect of the cecal gas shadow was 
flattened and the transverse colon was elevated. Intravenous 
urography was normal. A gastrointestinal series showed that 
the mass elevated the gastric antrum and displaced small bowel 
loops to the left (fig. 1A). 

Sonography demonstrated an 8 x 6.5 x 10 cm cystic mass 
which contained a freely mobile fluid-debris level. A solid 
component with grossly irregular contours arose from the 
cephalic and anterior aspects of the cyst wall and projected 
into its lumen. The mass was clearly separable from the liver, 
pancreas, and kidneys (figs. 1B and 1C). The radiographic and 
sonographic diagnosis was mesenteric cyst with hemorrhage. 
At surgery the cyst appeared to arise in the transverse mesoco- 
lon and was adherent to the transverse colon and stomach. It 
contained a large volume of clotted and liquified blood. Micro- 
scopically its wall was fibrous and lacked an epithelial lining, 
suggesting that it was traumatic or acquired [1]. 
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Case 2: Omental Cyst 


A 3-year-old boy was evaluated for abdominal distension 
which had first been noted at age 1 year. There was marked 
bulging of the flanks and shifting dullness. Plain radiography 
of the abdomen showed increased opacity of the entire abdo- 
men and several centrally situated bowel loops (fig. 2A). Intra- 
venous urography and gastrointestinal series were normal. 

Sonography showed a large fluid collection lateral and ante- 
rior to the bowel; the cephalic portion of the fluid collection 
was divided into several compartments by septa (figs. 2B and 
2C). Routine blood and urine studies and liver function tests 
were normal. Paracentesis yielded 40 ml of greenish fluid which 
contained dark granules; cytologic examination showed old 
hemorrhage (no malignant cells), and cultures were negative. 
Chemical analysis of the fluid revealed no elevation of choles- 
terol (33 mg/100 ml), triglycerides (25 mg/100 ml), protein (511 
mg/100 ml), bilirubin (0.66 mg/100 ml), glucose, amylase, and 
lipase. The clinical, radiographic, and sonographic diagnosis 
was loculated ascites of unknown etiology. After the diagnostic 
paracentesis, the abdominal distension regressed rapidly; 10 
days later his abdomen had become scaphoid. 

Adbominal distension recurred 3 months later and the patient 
was admitted for additional studies. Sonography again showed 
a large septated fluid collection which was entirely anterior to 
the bowel (figs. 2D and 2E). Rust-colored fluid (100 ml) was 
removed by paracentesis. Repeat paracentesis several hours 
after a cream meal yielded a fluid that contained fat globules, 
suggesting that the underlying cause of the recurrent fluid 
collection was a traumatic lymphatic fistula or omental cyst. At 
surgery an encapsulated cyst was found within the greater 
omentum and was completely excised. Microscopically the cyst 
wall consisted of a thin, incomplete layer of flattened fibrous 
tissue lined with a flattened epithelium; there were foci of 
chronic inflammation and resolving hemorrhage in the adjacent 
fat. 


Case 3: Omental Lipoma 


A 3-year-old girl was admitted for evaluation of a firm mobile 
nontender mass in the right subhepatic region. Physical exami- 
nation and routine laboratory studies were normal. Plain radiog- 
raphy and intravenous urography showed a discrete radiolu- 
cency which was relatively anterior in position (fig. 3A). 

Sonography showed a well encapsulated strongly echogenic 
mass with good sound transmission. The mass was separate 
from the liver, but the pancreas was not fully identified. A 
portion of its margin was obscured by adjacent bowel (figs. 3B 
and 3C). Barium enema examination was normal except 
for a subtle mass effect on the mesenteric aspect of the hepatic 
flexure. The radiographic and sonographic diagnosis was li- 
poma of the omentum or transverse mesocolon. At surgery an 
8 x 4 x 5cm well encapsulated tumor was found in the greater 
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Fig. 1.—Case 1 (mesenteric cyst). A, Gastrointestinal series (following 
intravenous urogram) showing large midabdominal mass elevating stom- 
ach, displacing small bowel to left, and indenting cecum (arrow). Right 
kidney and ureter are not displaced. B, Transverse sonogram (X — 5) 
showing layer of debris occupying dependent portion of cyst. Irregular 
collection of dense echoes projecting into lumen is hematoma (H) 
adherent to cyst lining. C, Longitudinal sonogram (L + 2) showing liver 
(L) separate from cyst. Undersurface of liver indicated by white dotted 
line. Sonograms done with Picker model EV-8 using 13 mm 3.5 MHz 


intermediate focus transducer. 


omentum. The tumor was adherent to the undersurface of the 
liver. Microscopically, the tumor was a lipoma with foci of 
necrosis. 


Case 4: Mesenteric and Omental Metastases 


An 11-year-old boy was admitted with a 10 day history of 
diffuse abdominal pain, vomiting, and increasing abdominal 
girth. Physical examination revealed marked cachexia and pal- 
lor. There was a huge nodular central abdominal mass and a 
separate pelvic mass. Intravenous urography showed that the 
kidneys and ureters were normal. Barium studies revealed 
posterior and caudal displacement of small bowel loops, eleva- 
tion of the transverse colon, and posterior displacement of the 
ascending and descending colon; the sigmoid colon was ele- 
vated and compressed against the sacrum. 

Sonography showed a large retrovesical pelvic mass and a 
separate central abdominal mass that was clearly demarcated 
from the liver; a mixed echogenic pattern was present through- 
out both masses. The pancreas could not be identified, and the 
central abdominal mass was not clearly demarcated from retro- 
peritoneal structures. However, the transverse scans showed 
no posterior displacement of the kidneys, and the inferior vena 
cava and aorta were in normal position (figs. 4A and 4B). The 
preoperative diagnosis was probable rhabdomyosarcoma or 
lymphosarcoma arising in the pelvis, with metastases to the 
mesentery, omentum, and abdominal lymph nodes. 








At surgery the dominant central abdominal mass was a 
multinodular tumor involving the mesenteries and omentum: 
tumor extended into the root of the mesentery and right para- 
colic gutter and was adherent to the bladder. Biopsy revealed 
aveolar rhabdomyosarcoma. A course of chemotherapy (vincris- 
tine, actinomycin D, and Cytoxan) was followed by radiother- 
apy. Radiotherapy was completed 3 months after the laparot- 
omy. Sonography 1 month later showed that the pelvic and 
midabdominal masses were smaller. Repeat laparotomy re- 
vealed a primary prostatic rhabdomyosarcoma. There was a 
grapefruit-sized metastasis in the greater omentum, and there 
were many small tumor implants on the mesenteries and peri- 
toneal surfaces. The retroperitoneum and lymph nodes ap- 
peared to be free of tumor. The primary tumor and all of the 
visible metastases were resected. 


Discussion 


The radiologic evaluation of upper or midabdominal 
masses that are not clearly related to the liver or spleen 
generally begins with plain radiography and intravenous 
urography. If the location of the mass is still uncertain, 
it is helpful to perform barium studies of the entire 
gastrointestinal tract to exclude a tumor of the gut and 
for vector analysis. In general, masses in the omentum 
and mesenteries produce mass effects that are typical of 
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Fig. 2.—Case 2 (omental cyst). A, Plain radiograph of abdomen 
showing small bowel loops tightly grouped in midabdomen. B, Trans- 
verse sonogram (X - 7) showing large fluid collections in both flanks 
with narrow anterior connecting bridge. There is no fluid posterior to 
bowel or between loops. C, Longitudinal sonogram (L + 2) showing 
several septa (arrows) within fluid collection (L = liver). D, Transverse 
sonogram (X — 7) 3 months later showing all of fluid anterior to bowel 
E, Longitudinal sonogram (L — 4) showing thin septum (arrow) in 
cephalic portion of fluid collection. Sonograms done with Picker model 
EV-8 with gray scale modification, using 13 mm intermediate focus 3.5 
MHz transducer. 
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Fig. 3.—Case 3 (omental lipoma). A, Plain radiograph showing rela- 
tively radiolucent right upper quadrant mass (arrows) which indents 
ascending colon. B, Transverse sonogram (X + 8) showing strongly 
echogenic mass (arrowheads). Posterior margin is sharply defined, but 
portion of medial margin is obscured by adjacent bowel. C, Longitudinal 
sonogram (L + 6) showing well circumscribed mass separable from liver 
(L), gallbladder (G), and right kidney (K). Sonograms done with Picker 
model EV-9 using long focus 2.25 MHz transducer. 


inframesocolic tumors [2]; however, masses in the ce- 
phalic portion of the greater omentum (gastrocolic liga- 
ment) may behave as supramesocolic masses. Omental 
and mesenteric cysts may cause confusing mass effects 
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and mimic ascites [3]. Sonography is a valuable adjunct 
to radiographic vector analysis. Masses clearly separable 
from the liver and spleen that do not displace or distort 
identifiable extraperitoneal structures (e.g., kidneys, 
pancreas, adrenals, aorta, inferior vena cava) are proba- 
bly intraperitoneal. In children, a cystic intraperitoneal 
mass is most likely an omental or mesenteric cyst, 
gastrointestinal duplication cyst, choledochal cyst, or 
ovarian cyst [4]. 

However, limitations of the sonographic technique 
must be considered in evaluating children who seem to 
have cystic intraperitoneal masses: (1) the peritoneum 
itself is not depicted on sonograms; (2) normal abdomi- 
nal structures may not be identified (normal adrenal 
glands are usually not seen without special techniques 
[5], the pancreas is not demonstrated in about 20% of 
normal individuals [6], and the contour of the spleen is 
often incompletely seen [7]); (3) the precise relationship 
of the mass to the bowel cannot be determined in most 
cases; (4) masses smaller than 1 cm will be missed; and 
(5) homogenous solid tumors may be mistaken for cystic 
lesions [8]. Thus it may be necessary to consider extra- 
peritoneal cyst, pancreatic cyst, pancreatic pseudocyst, 
splenic cyst, and neuroblastoma in the differential diag- 
nosis in some cases. We have seen a child with an 
adrenal neuroblastoma anterior to the left kidney that 
was thought to be a mesenteric cyst on sonography [9]. 

Echogenic masses in children are more difficult to 
evaluate sonographically; meticulous technique is 
needed. Because the anteroposterior diameter of a 
child's abdomen is usually smaller than an adult's, time- 
gain compensation settings appropriate for examination 
of anterior abdominal structures are generally needed to 
accurately depict the internal architecture and posterior 
margin of the mass and to define its relation to retroper- 
itoneal structures. Unequivocal localization may not be 
possible; mesenteric and omental masses cannot be 
distinguished from enlarged lymph nodes, retroperito- 
neal masses, or exophytic tumors of the bowel in every 
case (fig. 5). Careful evaluation of the acoustic features 
of the mass may yield important information. The dense 
internal echoes and relative enhancement of the poste- 
rior border and posterior detail in case 3 (omental li- 
poma) have been observed in lipomas at other sites [10]. 
The discrete margin of the tumor seemed to exclude 
disorders that cause diffuse fatty infiltration of the omen- 
tum and mesentery, such as panniculitis, lipodystrophy, 
and lipogranulomatosis [11]. In case 4 the clinical and 
radiographic diagnosis was lymphosarcoma. However, 
the coarse echogenic patterns were more typical of a 
tumor containing many interfaces and necrotic foci, 
such as rhabdomyosarcoma [12]. Lymphosarcoma 
(which is nearly always acoustically homogeneous [13]) 
was virtually excluded by the sonographic findings. 

The erroneous sonographic diagnosis of loculated 
ascites in case 2 (omental cyst) is not surprising, since a 
discrete rounded cyst was not demonstrated on mulitple 
tracings. In this case the thin-walled cyst followed the 
contours of the underlying bowel and the cyst wall was 





SONOGRAPHY OF PEDIATRIC MESENTERIC AND OMENTAL MASSES 273 





Fig. 5.—Exophytic colon tumor mimicking omental mass in 17-year- 
old girl with very mobile midabdominal mass; intravenous urogram was 
normal. A, Gastrointestinal series showing supramesocolic mass com- 
pressing superior aspect of transverse colon. B, Transverse sonogram 
(X — 6) showing encapsulated, moderately echogenic mass (M) with 
posterior echoes. Right kidney (K) is close to mass but is not dis- 
placed or deformed. Pancreas was not visualized. C, Longitudinal 
sonogram (L + 6) showing poor definition of internal acoustical features 
of mass due to improper setting of time-gain compensation (anterior 
gain too low). Sonograms done with Unirad Sonograph Ill, model GZD- 
849, using long focus 2.25 MHz transducer. Radiographic and sono- 
graphic findings were consistent with solid tumor in gastrocolic liga- 
ment. Surgery revealed completely exophytic desmoid tumor arising 
from antimesenteric aspect of transverse colon; gastrocolic ligament 
was free of tumor. 








Fig. 4.—Case 4 (mesenteric and omental metastases). A, Trans- 
verse sonogram (X — 8) showing mixed echogenic activity in huge 
midabdominal mass. Medial extent is indicated by arrows; tumor 
extends into right paracolic gutter, but laterally its acoustical features 
are distorted by overlying ribs. Inferior vena cava (V), aorta (A), and 
left kidney (K) are in normal position. B, Longitudinal sonogram (L + 
1) showing abdominal mass (arrowheads) separate from pelvic mass 
(P) and liver (L). Inferior vena cava (V) is normal. Sonograms done 
with Picker model EV-8, using 13 mm intermediate focus 3.5 MHz 
transducer. 
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never identified. Septa were identified but were thought 
to represent adhesions. Sonographic findings have pre- 
viously been reported in three patients with mesenteric 
or omental cysts [14, 15]. In each case septa were 
present, and supine scans showed fluid anterior to the 
bowel but none posterior to the bowel or between the 
loops—a very unusual distribution for ascitic fluid [16]. 
These sonographic findings should suggest the correct 
diagnosis, particularly when there is no satisfactory 
explanation for "chronic ascites." The rapid disappear- 
ance of fluid in case 2 was unexpected but was probably 
due to absorption of fluid that had leaked into the 
peritoneal space following paracentesis. 
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A Simple Portable Water Bath for Superficial Ultrasonography 


HSU-CHONG YEH’ AND BERNARD S. WOLF" * 


A simple portable water bath device has been designed 
and adapted to the conventional contact B-scanner for exam- 
ining superficial lesions. It is inexpensive, easy to construct, 
and convenient to use since the water reservoir is sealed. 
Small lesions (e.g., nodules in the thyroid or testis) are rapidly 
and clearly delineated. 


Introduction 


Detection and delineation of superficial lesions by con- 
tact ultrasonography is difficult because of poor resolu- 
tion in the field near the beam. Abrupt changes in 
contour, such as caused by nodules in the thyroid or 
testis, also present difficulties in contact scanning. With 
the use of a water bath, the scanned object can be 
placed at the optimum distance or focal point of the 
transducer for best resolution, and the difficulty in scan- 
ning over a sharply angulated surface is also eliminated. 
A fast linear scan may be done with the transducer in 
the water bath without causing artifacts created by 
compound scanning [1, 2]. 

To adapt to the conventional contact B-scanner, sev- 
eral water bath devices have been developed [3, 4]. 
These usually consist of a plastic membrane spread 
over the part of the body to be scanned, a frame, and a 
supporting device for the membrane so that it becomes 
the water bag. The supporting device is attached to or 
stands on the examination table. Thus the device must 
be set up for each patient and cannot be removed or 
reset easily during the examination. Moreover, the de- 
vice may be too large for a small patient [4]. An uncoop- 
erative patient, such as a baby or young child, may also 
cause a problem. 

A new water bath device has proved to be most 
convenient because of its portability, small size, and the 
sealed rubber water bag which will easily fit in close 
contact with any surface. 


Technique 


The device is shown in figure 1. The bottom of an oval 
tin can approximately 5 cm high and with diameters of 9 
cm and 8 cm is removed. A thin vinyl sheet approximately 
0.01 cm thick is stretched over the bottom of the can 
and sealed to the outer surface of the side wall with 
contact cement. A surgical glove is tied just below the 
bases of the four fingers, and the fingers of the glove 
are cut off. The thumb is tied about 1'/e cm above the 
base and then cut above the tie. An H-shaped cut is 
made over the radial side of the glove, and the opening 
is carefully stretched and attached to the bottom of the 
can. From three to five 24 gauge wire loops encircle the 
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base of the can to seal the glove to the can. The tied 
ends of the wires are cut short and epoxy glue applied 
to form a smooth surface. The glove is filled with water 
through the cuff, and the cuff is then tied. During 
scanning, the can is partially filled with water. Any air in 
the glove moves into thumb so that it does not interfere 
with scanning. The inside of the water bag may be 
washed, and the water should be changed every 1-2 
months to remove particulate material. 

Ultrasonography is performed with a 3.5 MHz 13 mm 
transducer, focused at 7.5 cm. The surface to be 
scanned is prepared with coupling gel. The scanning 
arm is positioned so that the center of the object (e.g.. 
thyroid nodule or testis) appears in the center of the 
screen. The water bath device is then placed on the skin 
and the can partially filled. A linear scan is done with 
the transducer in the water (fig. 1). Sectoring can be 
done for better delineation of a selected portion of a 
suspicious lesion. To cover a large area or for a wide 
sector scan, the device is simply slid on the skin to the 
next area to be scanned. For compound scanning, a 
part of the lesion is scanned and then the water bath is 
moved to the next part for scanning at a different angle 
(see fig. 3). 

The water bath device is readily removed from the 
patient and reapplied. When a lesion is visualized on the 
screen, the device can be lifted and the lesion palpated; 
or, after locating a lesion on a patient, the location can 
be checked with the transducer. Thus the exact position 
of even a small lesion can be determined. During the 
examination, the patient can hold the can in place so 
that the examiner's hands are free. 


Results and Discussion 


Improvement of the image with the water bath is 
obvious (figs. 2 and 3). The outline and internal echoes 
of superficial structures (thyroid gland, lipoma, etc.) are 
clearly demonstrated. The carotid arteries and jugular 
veins are seen regularly and superficial muscles easily 
identified. Convenient fast scanning has been demon- 
strated in more than 60 cases over a period of 6 months 
without deterioration of any components of the device. 

As with any water bag device, reverberation echoes 
occur due to the strong acoustic interface at the skin 
surface. These echoes usually appear at a depth equal 
to the distance between the transducer surface and the 
skin (fig. 4). In this device, the depth of these echoes is 
slightly greater than the height of the water bag (i.e., 5- 
7 cm). The height of the water in the bag can be 
increased by slightly lifting the can or manually com- 
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Fig. 1.— Portable water bath. A, Scanning with water bath. T = transducer, C = tin can, W = fine wire loops, G = surgical glove, Th = thumb of 
glove for trapping air bubble. Arrowhead indicates cut ends of wire loops applied with epoxy glue. B, Cross section of water bath. Insert shows 
surgical glove tied below base of four fingers and above base of thumb. Glove is then cut along dashed lines. V — vinyl sheet across bottom of can, V' 
= vinyl sheet glued to side wall of can, G' = glove attached to side wall of can, G'' = glove as water bag, A = air trapped in thumb of glove. Open arrow 
indicates motion of transducer in water. 


pressing the water bag from the sides. Since the device 
is primarily used for relatively superficial lesions, the 
deeper reverberation echoes do not obscure the region 
of interest. 

The vinyl membrane in this device may also cause 
reverberation echoes at a depth equal to the distance 
between the transducer surface and the membrane (fig. 
4B). However, this echo is usually small and weak and 
appears only at the center of the scanned area where 
the membrane and the skin surface are parallel. If the 
transducer is close to the membrane, this echo is not 
evident (figs. 2, 3, and 4F). Therefore, in practice the 
membrane does not cause any significant artifact. 

There are several advantages of having the vinyl mem- 
brane in the portable water bath. 

1. It seals the water bag so that the bag stays distended 
at all times. When applied to the patient, it is possible to 
use a slight back and forth motion to ensure smooth 
close contact between the water bag and the skin with- 
out wrinkling the water bag surface. 

2.|t is easy to maintain the transducer at approxi- 
mately the same depth during scanning. There is no 
need for a chain device on the scanning arm [3]. 

3. It eliminates the need for a supporting device to 
hold the water bag at a fixed height. Without the mem- 
brane, the can has to be held up at all times. Otherwise 
the water will flow out of the bag into the can, and the 
can will drop and rest directly on the skin. Other water 





bag devices have used a polyethylene or vinyl sheet for 
the water bag. However, if the polyethylene sheet is 
thin, it tears easily; if it is thick, it may not closely 
conform to an acutely curved skin surface. In contrast, a 
surgical glove is both pliable and durable. 

In conclusion, the water bath device is convenient to 
use because of its high degree of portability and small 
size. Even uncooperative patients present no problem 
since lengthy setup time has been eliminated. If the 
patient moves, it is easy to reposition the device and 
continue scanning. 
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Fig. 2.—Patient with small cyst of thyroid. A, Contact transverse B- 
scan of thyroid gland 2 cm above sternal notch. 6 mm cyst (C) is vaguely 
seen in slightly enlarged right lobe (arrows). A = common carotid artery, 
V = internal jugular vein, T = trachea. B, Same scan using water bath 
device. Note marked improvement of image. a = transducer surface, b 
— vinyl membrane (faintly seen). 


Fig. 3.— Subcutaneous lipoma (arrowheads) on right side of abdomen. 
A, Transverse B-scan with patient in left semidecubitus position. Protru- 
sion of mass is visible but exact extent is not clear. B Same scan using 
water bath. Internal echoes from mass are more clearly demonstrated 
and posterior border of mass is outlined. a — transducer surface. C, 
Same scan using water bath but with series of scanning motions (a, a’, 
and a") interrupted by sliding water bath on skin after each short pass. 
Total scan covers wide area and, by use of sectoring, lateral borders of 
mass are fully outlined. Note lobulated appearance of lipoma. A superfi- 
cial lipoma is usually difficult to delineate by conventional methods [5]. 
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Fig. 4.—Scans of AIUM-approved 
test phantom. A, Linear scan across 
top of phantom. c = surface of test 
phantom. B, Same scan using water 
bath. Scan was made with very high 
gain as transducer was passed 
above membrane. a = transducer 
path, b = vinyl membrane, c = sur- 
face of test phantom, d - first rever- 
beration echo from membrane, e = 
second reverberation echo from 
membrane, f — reverberation echo 
from surface of test phantom (or 
bottom of glove). Echoes d and e 
appear only with very high gain. 
Note that distance ab is about equal 
to cd and ef. Distance ac is about 
equal to cf. They are not exactly 
equal because of differences in ve- 
locity due to differences in tempera- 
ture of water bath and test phantom. 
Moreover, beam direction is not pre- 
cisely perpendicular to surface of 
phantom so that refraction may oc- 
cur. C, Diagram showing formation 
of echoes in B. Arrows indicate 
paths of echoes. d,e,f are reverber- 
ation echoes. T = transducer sur- 
face, V = vinyl membrane, G = bot- 
tom of water bag (glove). D, Same 
scan as in A using water bath with- 
out membrane. Can (C) was lifted to 
maintain some water in bag during 
scanning. E, Same scan as in D but 
with transducer closer to test phan- 
tom. f echo now closer to c echo; 
distance ac remains similar to dis- 
tance cf. F, Scan with water bath 
device and vinyl membrane. Trans- 
ducer was passed very close to 
membrane. Echo from membrane 
(b) is only faintly seen. No reverber- 
ation echoes from membrane (d or 
e) are seen. 





Sonographic “Parallel Channel" Sign of Biliary Tree Enlargement in Mild 
to Moderate Obstructive Jaundice 


MELVYN R. CONRAD,’ MICHAEL J. LANDAY, AND JEFFERSON O. JANES 


The criteria for the diagnosis of minimal obstructive jaun- 
dice (i.e., bilirubin less than 11.0 mg/100 ml) using sonography 
have not been established. A reliable diagnosis of obstructive 
jaundice with mild dilation of the bile ducts can be made by 
sonography when the “parallel channel” sign is seen. This 
sign is due to the simultaneous imaging of the dilated right or 
left main hepatic duct and the adjacent contiguous main 
portal vein branch. A prospective study of 86 patients showed 
this to be a highly reliable means of differentiating obstructive 
from nonobstructive jaundice when minimal duct dilation is 
present. 


Introduction 


The introduction of gray scale ultrasound imaging has 
permitted a noninvasive means of assessing the status 
of the biliary system, and has been shown to be of value 
in the differentiation between obstructive and nonob- 
structive jaundice. Enlarged biliary radicles have been 
described as having a characteristic radiating pattern 
from the porta hepatis [1]. A characteristic comma shape 
has been reported as helpful in differentiating the portal 
vein from an enlarged common bile duct [2]. However, 
these are the findings of moderately advanced obstruc- 
tion [3], in which there is marked enlargement of the 
biliary tree and which is usually associated with a biliru- 
bin greater than 10-12 mg/100 ml. In lesser degrees of 
obstruction these findings are not present [1, 3-5]. In 
mild obstruction, there may be difficulty in distinguishing 
minimally dilated biliary ducts from the portal venous 
radicles, and in accurately diagnosing a minimally di- 
lated common bile duct. 

In patients in whom the biliary system is not obstructed 
the main portal vein and its branches are imaged only as 
single, distinctly separate, sonolucent channels within 
the liver substance (fig. 1). The contiguous main hepatic 
ducts and small biliary radicles are generally not imaged 
(6, 7]. However, minimal dilation of the biliary system 
due to obstruction can be diagnosed by recognition of 
the "parallel channel" sign. This sign is due to the 
concomitant imaging of the right or left main portal vein 
branch and the adjacent, minimally dilated main hepatic 
duct. In our experience, this sign has proved highly 
reliable in differentiating obstructive from nonobstruc- 
tive jaundice in patients having mild to moderate biliru- 
bin elevation (i.e., 1.5-11.0 mg/100 ml) in whom the 
previously described sonographic findings of dilated bile 
ducts are not present. The results from a 10 month 
prospective study are reported. 
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Subjects and Methods 
Clinical Material 


All patients with jaundice or known elevation of the bilirubin 
of less than 11.0 mg/100 ml who were referred for sonography 
were prospectively studied during a 10 month consecutive 
period. All patients with a bilirubin of greater than 11.0 mg/100 
ml who were diagnosed as not having obstructive jaundice on 
the basis of absence of the parallel channel sign were followed 
as a separate category. The final diagnosis was documented in 
each patient at the time of discharge through direct communi- 
cation with the patient's physician and/or by chart review. 

Each ultrasound diagnosis of dilated bile ducts was consid- 
ered a true positive only when confirmed by surgery, percuta- 
neous transhepatic cholangiography, or retrograde endoscopic 
canulation. Since alcoholic liver disease constitutes a large 
percentage of our population, a true negative result by ultra- 
sound diagnosis was taken when the final clinical assessment 
was that of nonobstructive jaundice. Although this is a limitation 
in the study protocol, the sonogram was only one parameter 
used in assessment. It was not feasible to subject these patients 
to more definitive tests when the overall clinical assessment 
was that of nonobstructive jaundice. 


Technique 


The parallel channel sign is best demonstrated on transverse 
sections in the supine position. In the presence of marked 
bowel gas or a high subcostal liver position, steep cranial 
angulation of the transducer is required and/or transverse 
sections done with the patient in the left lateral decubitus 
position. Transverse sections are made beginning at the xy- 
phoid. The time again compensation and output are set so that 
optimal liver parenchymal detail is obtained by using single 
linear sweeps [8]. Rapid sweeps of the transducer obviates the 
need for suspended respiration. Images made using more than 
one sweep of the transducer result in overwriting and obscura- 
tion of the small biliary and portal venous radicles in the liver. 

Once the porta hepatis region is imaged, it is necessary to 
obtain closely spaced sections at intervals of 0.5 cm or less so 
that the right and left main branches of the portal vein are 
identified (fig. 1). Multiple rapid imaging with the carriage 
mechanism in the continuous mode is required to accurately 
assess the main portal vein branches. Since the left main portal 
vein branch and the left hepatic duct are perpendicular to the 
path of the transducer on transverse sections, the parallel 
channel sign is particularly easy to image in the left lobe of the 
liver. To ascertain dilation of the biliary system in the right 
lobe, short sector sweeps between the rib interspaces on the 
right side are required to image the right main branch of the 
portal vein. Immediately anterior and adjacent to the right main 
branch of the portal vein is a rounded sonolucent structure 
representing the common hepatic duct. 
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Fig. 1.—Transverse sonogram at level of porta hepatis. Right and left 
main branches of portal vein and subdivisions appear as single, sonolu- 
cent tubular structures within liver. L — left main branch portal vein, R — 
right main branch portal vein, | = inferior vena cava, A = aorta. 


TABLE 1 
Ultrasound Findings 











ilirubi Insufficient 

"tee Que iSe False indeterminate Clinica 

(mg/100 ml) Workup 
1.998 ss: ives 5 7 1 0 2 
2.1-4.0..... 2 12 2 1 3 
4.1-8.0 ..... 12 18 0 1 3 
8.1-11.0.... 8 7 0 0 2 
Total... 27 44 3 2 10 





Note. — There were no false positive cases. 





Results 


Eighty-six patients were studied prospectively, and 
results are summarized in table 1. Dilated ducts were 
correctly diagnosed in 27 patients. All patients who were 
diagnosed as having the parallel channel sign were 
shown to have obstructive jaundice. The lowest bilirubin 
value in which the sign was positive was 1.5 mg/100 ml. 
There were no false positive cases. Nonobstructive jaun- 
dice was correctly diagnosed in 44 patients. In only two 
patients was a diagnosis not possible due to marked 
bowel gas and obesity which impaired imaging the main 
portal vein branches. 

In three cases obstruction was the cause of the ele- 
vated bilirubin, and a parallel channel sign was not 
present. Two of these cases, with a bilirubin of 1.6 and 
3.1 mg/100 ml, respectively, were characterized by acute 
onset of symptoms within 48 hr due to transient obstruc- 
tion of the common bile duct by the passage of a 
gallstone. At surgery, the sonographic findings were 
shown to be correct, and dilation of the biliary tree was 
not present (e.g., case 5). In the third case, no duct 
dilation was imaged when the bilirubin was 1.8 mg/100 
ml; the level had decreased from 9.8 mg/100 ml over 10 
days following passage of a gallstone. The intravenous 
cholangiogram confirmed the absence of biliary tree 
enlargement. Although the sonographic findings were 
shown to be “anatomically” correct in these three cases, 
for the purpose of the study they were classified as false 
negatives since obstruction was the etiology of the 
elevated bilirubin. Ten patients were deleted from the 
study because the clinical information and workup was 
not sufficient to establish a definite diagnosis. 





Fig. 2.—Case 1. A, Transverse sonogram at level of bifurcation of main portal vein into right (R) and left (L) branches. Parallel channel sign is 
present involving right (r) and left (I) main hepatic ducts. Enlarged right and left main hepatic ducts are located immediately anterior to corresponding 
main portal vein branch, appear slightly tortuous, and are approximately equal in size to adjacent portal vein. B, Transhepatic cholangiogram 
confirming sonographic findings. Moderate enlargement of each main hepatic duct is due to obstruction of common bile duct by carcinoma in head 


of pancreas. 





PARALLEL CHANNEL SIGN IN OBSTRUCTIVE JAUNDICE 281 





The 10 patients who had a bilirubin greater than 11.0 
mg/100 ml and who did not have the parallel channel 
sign were also followed. None had obstructive jaundice. 
There were two patients in whom dilation of the left 
biliary system was correctly diagnosed which was not 
demonstrated on the percutaneous transhepatic cholan- 
giogram. One patient had a partial obstruction of the 
left main bile duct which prevented reflux, and in the 
other the percutaneous transhepatic cholangiogram was 
inconclusive despite multiple attempts at percutaneous 
puncture. 


Case Reports 
Case 1 


A 59-year-old black woman was hospitalized because of 
jaundice and weight loss of recent onset. The bilirubin was 8.4 
mg/100 ml. Sonography showed a parallel channel sign indicat- 
ing enlargement of the right and left main hepatic ducts, and a 
mass in the head of the pancreas (fig. 2A). A transhepatic 
cholangiogram showed a high grade obstruction at the mid 


Fig. 3. —Case 2. A, Transverse section through liver showing portion 
of common hepatic duct (d) immediately anterior to right main branch of 
portal vein (R). Diameter of common hepatic duct is within normal limits 
(1.0 cm in anteroposterior dimension). B, Transverse section immediately 
cephalad to that in A showing parallel channel sign. Enlarged left main 
hepatic duct (arrow) is immediately anterior to left main branch of portal 
vein. Note slight tortuosity of enlarged left hepatic duct. | = inferior vena 
cava, A = aorta. C, Percutaneous transhepatic cholangiogram confirm- 
ing minimal enlargement of left main hepatic duct. Right hepatic duct is 
also enlarged. Minimal enlargement of common bile duct and common 
hepatic duct is present, although latter finding was more difficult to 
diagnose on sonogram (cf. fig. 3A). 


common bile duct (fig. 2B), which at surgery was shown to be 
due to a carcinoma of the head of the pancreas. 


Case 2 


A 23-year-old black man with poorly defined intermittent 
right upper quadrant pain had a 3 month history of jaundice. 
There was a history of moderate alcohol abuse and occasional 
drug abuse. Clinically, the patient was thought to have hepatitis. 
The total bilirubin was 4.1; alkaline phosphatase, 160 King- 
Armstrong units (normal, less than 13); and SGOT, 608 IU 
(normal, less than 95). Sonography revealed a normal gallblad- 
der, a common hepatic duct in the upper normal size range 
(1.0 cm), and a parallel channel sign (figs. 3A and 3B). 

Although obstructive jaundice was diagnosed, a liver biopsy 
was done and revealed findings compatible with chronic hepa- 
titis without cholestasis or other evidence to suggest biliary 
tract obstruction. On the sixth hospital day, a repeat sonogram 
again demonstrated the parallel channel sign. A transhepatic 
cholangiogram showed focal narrowing of the distal common 
bile duct with mild dilation of the common bile duct and right 
and left main hepatic ducts (fig. 3C). At surgery, an obstruction 
of the common bile duct due to a tumor of neural cell origin 
was found. 

Comment. Without sonography, a diagnosis of chronic hep- 
atitis would have been made incorrectly, and definitive surgical 
treatment would have been significantly delayed. Both the liver 
enzymes and the liver biopsy were misleading. Because of the 
findings on the sonogram, a percutaneous transhepatic cholan- 
giogram was performed, revealing an obstructing lesion in the 
common bile duct. Although the common hepatic duct ap- 
peared mildly enlarged on the transhepatic cholangiogram, 
this was difficult to diagnose on the sonogram (fig. 3A). The 
degree of enlargement of the common hepatic duct may have 
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been greater on the transhepatic study than the sonogram 
because of the volume of contrast media instilled. 


Case 3 


A 3-month-old white girl was admitted with a 1 day history of 
fever, vomiting, and jaundice. Physical examination revealed 
hepatomegaly (liver edge 5 cm below the right costal cartilage 
margin). Total bilirubin was 4.0; indirect bilirubin, 1.5; SGOT, 
99 IU; and alkaline phosphatase, 26.8 King-Armstrong units. 
Sonography showed a parallel channel sign involving both 
main hepatic ducts, enlargement of the common hepatic duct, 
and a gallstone in the neck of the gallbladder (figs. 4A and 4B). 
Although an infectious etiology was initially favored and the 
icterus was resolving, surgery was performed on the basis of 
the sonographic findings. 

An operative cholangiogram confirmed the presence of mild 
to moderate enlargement of the right and left main hepatic 
ducts, moderate enlargement of the common bile duct and 
common hepatic duct, and two stones, each 4 mm in diameter, 
impacted in the neck of the gallbladder with moderate dilation 
of the distal portion of the cystic duct (fig. 4C). A cholecystec- 
tomy was performed, and the clinical impression was that a 
gallstone had recently passed through the common bile duct. 








e 


Fig. 4.—Case 3. A, Transverse section through right main branch of 
portal vein (p). Common hepatic duct (d) in this infant measures 1.0 cm, 
indicating enlargement. a = aorta. B, Transverse section immediately 
superior to that in A showing enlargement of right (R) and left (L) main 
hepatic ducts at their bifurcation. p = bifurcation of portal vein, A = 
aorta, | = inferior vena cava. C, Operative cholangiogram showing stone 
(s) in neck of gallbladder, moderate enlargement of common bile duct 
and common hepatic duct, and mild enlargement of both main hepatic 
ducts. 


Comment. Without the sonogram and the documentation of 
dilated biliary ducts and gallstones, surgery would not have 
been undertaken since the jaundice was clearing and clinical 
symptoms were improving. 


Case 4 


A 22-year-old white woman had a 3 day history of epigastric 
pain, nausea and vomiting. Right upper quadrant tenderness 
was present on physical examination, and the bilirubin was 1.9 
mg/100 ml. Sonography showed cholelithiasis and enlargement 
of the left main hepatic duct. Three days later the bilirubin had 
increased to 2.3 mg/100 ml, and the patient underwent a 
cholecystectomy and common bile duct exploration. Four gall- 
stones and two common bile duct stones were removed (fig. 5). 

Comment. Although the bilirubin was minimally elevated, the 
parallel channel sign was demonstrated. Optimal imaging of 
the sign was seen on transverse section in the left lateral 
decubitus position. 


Case 5 


A 19-year-old Latin American woman was admitted with a 1 
day history of marked right upper quadrant pain radiating to 
the back. The patient was afebrile, and marked right upper 
quadrant tenderness was present. The bilirubin was 2.6 mg/ 
100 ml, and the white blood cell count was 6,400. On the 
following day, the bilirubin was 1.6 mg/100 ml, and sonography 
showed gallstones and no evidence of bile duct enlargement 
(fig. 6A). Surgery was performed later that day. The operative 
cholangiogram showed a nondilated biliary system with a small 
filling defect in the distal common bile duct and some flow of 
contrast into the duodenum (fig. 6B). Two small stones 4 mm 


PARALLEL CHANNEL SIGN IN OBSTRUCTIVE JAUNDICE 283 





each were removed from the distal common bile duct, and 
multiple gallstones were removed. 

Comment. Since biliary tree enlargement may not be present 
in acute biliary tract obstruction of 48 hr or less, the parallel 
channel sign may be negative initially even though obstruction 
is present. This case was classified as a false negative. 


Discussion 


The accurate differentiation between obstructive and 
nonobstructive jaundice is of great clinical importance. 
Although previous investigators have stressed the impor- 
tance of not confusing prominent or enlarged portal 
veins with dilated bile ducts [3], a simple method for 
differentiation between the two has not been presented. 
Weill et al. [9] emphasized that the portal venous system 
could be distinguished from an enlarged biliary system 
by using real-time scanning to identify the confluence of 
the portal vein with the splenic vein and superior mes- 
enteric vein. To avoid error, Perlmutter and Goldberg 
[10] stated that diagnosis of dilated biliary ducts using 
B-mode scanning should be made only after the enlarged 
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Fig. 5.—Case 5. A, Transverse section through left lobe of liver 
showing parallel channel sign (arrow) involving short segment of left 
main portal vein. B, Transverse section through left lobe of liver, left 
lateral decubitus position, showing parallel channel sign to better advan- 
tage. Note longer segment of left portal vein (p) and enlarged left main 
hepatic duct (d). A = anterior, P = posterior, R = right side up, L = left 
side down. C, Operative T-tube cholangiogram following removal of 
stones in common bile duct showing enlargement of left hepatic duct. 
Air bubbles are present in lower portion of common bile duct. 


bile ducts have been shown to communicate with the 
enlarged common bile duct. Positive identification of a 
minimally enlarged common bile duct and demonstra- 
tion of direct communication between a suspected mini- 
mally enlarged branch of the biliary tree and the common 
bile duct may require considerable technical skill. 

Demonstration of the parallel channel sign is a simple 
means of documenting the presence of obstructive jaun- 
dice as evidenced by minimal enlargement of the right 
or left main hepatic ducts. The anatomic basis for this 
finding is due to the physical contiguity of the biliary 
system and portal venous system which are bounded by 
the same fibrous capsule and follow the same anatomic 
pathway through the liver hilum and liver substance 
[11]. In the presence of obstructive jaundice, the main 
hepatic ducts dilate and can be imaged parallel to the 
adjacent main portal vein branch, thereby creating the 
parallel channel sign. Recognition of this sign permits 
precise identification of the intraparenchymal biliary 
ducts, a determination not previously reported [4]. The 
anterior sonolucent channel in each instance represents 
the enlarged main hepatic duct, and the posterior chan- 
nel, the portal vein [11]. 

The recent improvement in ultrasound image quality 
has resulted in better resolution of the normal structures 
in the porta hepatis, which should not be confused with 
minimally enlarged main hepatic ducts. Infrequently, the 
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Fig. 6.—Case 5. A, Transverse section showing normal-appearing 
right (R) and left (L) main portal vein branches. B, Operative cholangio- 
gram showing nondilated biliary tree with small defect in distal common 
bile duct due to small gallstone. 


right branch of the hepatic artery or a small portion of 
the normal proximal right hepatic duct may be imaged 
anterior to the right main portal vein. These structures 
can be distinguished from the enlarged right hepatic 
duct by their (1) relatively straight course and rapid 
tapering over a distance of 1.0-1.5 cm; (2) small diame- 
ter, approximately one-third or less the size of the adja- 
cent portal vein; and (3) lack of tortuosity (fig. 7). In the 
left lobe of the liver, uncommonly, the left branch of the 
hepatic artery can be imaged with the distal portion of 
the left main portal vein. The hepatic artery is distin- 
guished from a minimally enlarged left hepatic duct by 
the narrow diameter, straight course, and strong linear 
echoes of the former (fig. 8). Usually, the left hepatic 
artery is posterior to the portal vein, but on occasion it 
may be seen anteriorly (fig. 9). A reliable diagnosis of 
enlargement of the right or left main bile ducts is best 
made when (1) an enlarged tubular structure is imaged 
approximating in diameter the adjacent, posterior portal 
vein; (2) a length of approximately 2.0 cm is seen; and 
(3) tortuosity is present. 

This study shows that the parallel channel sign is a 
reliable criterion for determining that obstructive jaun- 
dice is present when there is mild to moderate elevation 
of the bilirubin. The technique used in demonstrating 
the sign is very important. The main portal vein branches 
occupy a plane of approximately 1.0 cm thickness which 








Fig. 7.— Transverse section through porta hepatis showing normal 
proximal branch of right main hepatic duct (arrow). Note smaller diame- 
ter compared to adjacent right portal vein, straight course, and rapid 
tapering over distance of 1.5 cm (cf. enlarged right main hepatic duct in 
fig. 2A). 
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Fig. 8.— Transverse section through left main branch of portal vein 
(L) showing posteriorly located left hepatic artery (arrow) with its narrow 
diameter and straight course. Note characteristic major branch (B) of 
left portal vein with adjacent hepatic artery branch (arrow). 


Fig. 9.— Transverse section through left lobe of liver in patient with 
obstructive jaundice showing portion of left hepatic artery (arrow) inter- 
posed between left main branch of portal vein (L) and enlarged left main 
hepatic duct (d). Note strong linear echoes of hepatic artery. 








Fig. 10.— Transverse section showing common hepatic duct (d) in 
upper normal range (1.2 cm diameter) in patient without evidence of 
biliary tract obstruction. Case proved by transhepatic cholangiography. 
Major calibrations on left are 2.0 cm per division. Pr = right main 
branch portal vein. 


can easily be missed unless the careful, continuous 
scanning technique is used. In patients with acute biliary 
tract obstruction of less than 48 hr, absence of the sign 
may be unreliable since enlargement of the biliary tree 
may not yet have occurred. In addition, the sign may be 
absent with a rapidly falling bilirubin following relief of 
an acute obstruction as seen in one case in this study. 

Application of the parallel channel sign to very small 
branches of the portal system (i.e., third order and 
greater) is unreliable. Although the common hepatic 
duct can be readily imaged anterior to the right main 
branch of the portal vein on transverse sections and the 
common bile duct can be imaged anterior to the main 
portal vein on longitudinal section, identification of these 
structures has not been as helpful in the diagnosis of 
minimal to moderate bile duct dilation due to the varia- 
bility in size in normal patients. An upper normal com- 
mon hepatic duct or common bile duct can be difficult 
to distinguish from a minimally enlarged duct by mea- 
surement. In contrast, enlargement of the right or left 
main hepatic ducts is an easier and more reliable crite- 
rion to apply. A reliable diagnosis of common hepatic or 
common bile duct enlargement using ultrasound in 
adults is best made when the diameter is 1.5 cm or 
greater (fig. 10) [12]. 

Presence or absence of the parallel channel sign 
facilitates the clinical management of jaundiced patients. 
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Its presence indicates the necessity of percutaneous 
transhepatic cholangiography and/or endoscopic retro- 
grade cholangiography to define the nature of the ob- 
structing lesion. A liver biopsy and a rose bengal isotope 
scan are not required, sparing the patient not only 
additional time and expense, but also morbidity and 
discomfort. 


Conclusions 


Recognition of the parallel channel sign provides a 
rapid, simple means of diagnosing enlargement of the 
right or left main hepatic ducts, thereby differentiating 
between obstructive and nonobstructive jaundice. Pa- 
tient management is expedited through prompt recogni- 
tion of those patients requiring percutaneous transhe- 
patic cholangiography and/or endoscopic retrograde 
cholangiography. The morbidity of unnecessary liver 
biopsy in the presence of obstructive jaundice is 
avoided. 
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Postoperative Biopsy of the Common Bile Duct via the T-Tube Tract 


MAX J. PALAYEW' AND LAWRENCE STEIN? 


We describe our experience with the first reported cases of 
postoperative common bile duct forceps biopsy via a postop- 
erative T-tube tract. Bronchial forceps biopsies were per- 
formed on two patients with fixed postoperative filling defects 
in the common bile duct. Because of possible complications, 
caution is recommended in employing this technique. Com- 
mon bile duct diagnostic brushing and stricture dilatation, as 
well as choledochoscopy, are envisaged as further diagnostic 
and therapeutic tools for the radiologist. 


We report our experience with postoperative common 
bile duct biopsy via the T-tube tract employing a biopsy 
forceps. To our knowledge, this technique has not been 
previously reported, although it was suggested by Bur- 
henne in 1975 [1]. Burhenne has also reported biopsy of 
a mucosal tag in the common bile duct using the stone 
extraction basket [2], and in a personal communication 
he stated he since has performed one additional basket 
and four forceps biopsies without complications. The 
forceps used is that employed with the bronchial or 
duodenal fiberscope. 


Fig. 1.—Case 1. A, T-tube cho- 
langiogram showing filling defect on 
lateral wall of distal common bile 
duct (arrowhead). B, Forceps in 
common bile duct just prior to 
biopsy. 
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Postoperative common bile duct calculus extraction is 
now an established procedure [3, 4]. During such extrac- 
tions, we encountered two patients with fixed defects in 
the common bile duct, requiring exclusion of a neoplas- 
tic process. As an extension of the common bile duct 
extraction technique in which Burhenne has played a 
leading role, we envisaged the possibility of employing 
manipulative bronchial biopsy forceps in resolving the 
diagnostic dilemma in these patients. 


Case Reports 
Case 1 


A 72-year-old female underwent cholecystectomy for choleli- 
thiasis and chronic cholecystitis. At surgery, the common bile 
duct was not dilated but was explored because sand was 
present in the cystic duct. No stones were found in the common 
bile duct, and an operative cholangiogram was reported as 
normal. A postoperative T-tube cholangiogram showed a resid- 
ual mural filling defect (fig. 1A) which also was seen in retro- 
spect on the operative cholangiogram. 
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Fig. 2. —Case 2. A, Tube cholangiogram showing two filling defects in common bile duct (arrowheads). B, Cholangiogram following extraction of 
proximal calculus showing filling defect on medial wall of the distal common bile duct (arrowhead). C, Forceps open for biopsy at site of lesion 
(arrowhead). D, Histologic section showing calculus (arrows) intimately adherent to and incorporated into mucosa of common bile duct. 
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No change was noted in the defect over a 2 month period. 
Although it was felt to represent a benign process, a biopsy of 
the “lesion” was obtained employing a bronchial biopsy forceps 
(fig. 1B). Under constant fluoroscopic guidance, the biopsy 
forceps was passed along the T-tube tract into the common 
bile duct to the site of the lesion, where resistance was felt. A 
superficial biopsy was obtained. 

Histologic examination of the 0.1 x 0.1 cm specimen showed 
normal mucosa. A red rubber catheter was left in the bile duct 
for 4 weeks, when a repeat cholangiogram showed no change 
in the appearance of either the lesion or the common bile duct. 
The catheter was then permanently removed. 

Although a positive biopsy would have been more conclusive, 
the lack of change in the defect over a 3 month period, the 
patient's asymptomatic condition (2 months before and 1 month 
after biopsy), and the subsequent follow-up course were felt to 
suggest a benign process. 

We do not know what the lesion represents. Possibilities 
include a submucosal calculus or scarring. Because the patient 
has remained asymptomatic, endoscopic retrograde cholan- 
giography has not been performed. 


Case 2 


A 75-year-old male was found to have two filling defects in 
his common bile duct following cholecystectomy and common 
bile duct exploration (fig. 2A). The defects were overlooked on 
operative cholangiography. The proximal calculus was readily 
extracted (fig. 2B). The distal defect was fixed to the common 
bile duct, being attached to and apparently arising from its wall. 

Several days later a forceps biopsy was performed (fig. 2C). 
Histologic examination showed a calculus "intimately adherent 
to and incorporated into the mucosa of the common bile duct" 
(fig. 2D). A polypoid tumor was thus excluded and exploratory 
surgery avoided. A postbiopsy cholangiogram showed no sig- 
nificant change in the appearance of the filling defect. 

The patient died 2 months later of a cerebrovascular accident; 
findings in the common bile duct were confirmed grossly at 
autopsy. No microscopy of the biopsy site was performed. 


Discussion 


By use of a biopsy employing a forceps passed through 
the T-tube tract, we were able to exclude a neoplastic 
process in both patients. The procedure was well toler- 
ated without incident or complication. 

Theoretically, bleeding, perforation, and pancreatitis 
could occur if caution is not employed. Thus we recom- 
mend that initially only radiologists well versed in either 
vascular and/or gastrointestinal manipulative techniques 


employ this procedure using a forceps with a small bite 
size. A catheter should be left in place in the common 
bile duct for several days after biopsy, and a follow-up 
cholangiogram should be obtained. Depending on bi- 
opsy findings and planned management, the catheter 
could be removed or left in place. 

The advantages of biopsy are obvious in assessing 
fixed filling defects or strictures of the biliary tree where 
neoplasm must be excluded. In addition to direct biopsy 
of the common bile duct, brushing techniques and 
subsequent dilatation techniques [5-9] can be employed 
through T-tube tracts if significant stricture is encoun- 
tered. Choledochoscopy was attempted postoperatively 
in one patient, but visualization was limited. Further 
assessment of this technique is planned. 
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Radionuclide Liver Spots: Indicator of Liver Disease or a 
Blood Flow Phenomenon 


MARC R. TETALMAN,' RODNEY KUSUMI,? GEORGE GAUGHRAN,? AND NOBUHISA BABA* 


Abnormal areas of increased uptake on liver scan have 
been controversial. While often said to be associated with 
superior vena caval obstruction, three distinctly different find- 
ings are possible: hot spot, warm spot, and no spot. All of 
these changes can be readily explained by distinct, separate 
anatomic venous collateral pathways. Four cases of superior 
vena caval obstruction with isotopic liver flow studies are 
presented. Anatomy of the venous collateral system is re- 
viewed, and the potential significance of the liver “warm 
spot” is considered. 


The “hot spot” in the liver scan has been controversial. 
A small number of pathologic entities has been reported 
to result in focal areas of increased uptake of radiocol- 
loid on the liver scan: iatrogenic [1], abscess [2], heman- 
gioma [3], hamartoma [4], Budd-Chiari syndrome [5-8], 
and "hepatic venoocclusive disease" [9]. A single local- 
ized area of increased activity has been most often 
reported secondary to superior vena caval obstruction 
[10-19]. This area of increased activity was felt to be 
secondary to the formation of collateral venous channels 
through the portal system of the liver. However, an 
additional case of a known superior vena caval obstruc- 
tion with extensive collaterals did not produce any of 
the expected changes on liver scan [20]. 

The various etiologies of increased liver uptake must 
be characterized. Excluding such unusual occurrences 
as hamartoma or hemangioma, the two most common 
entities which produce increased localized liver uptake 
are superior vena caval obstruction and the Budd-Chiari 
syndrome. In the latter, well characterized by Meindok 
and Langer [6], the increased liver uptake is often con- 
fined to a hypertrophied caudate lobe, which has pre- 
served venous drainage. This is opposed to the remain- 
der of the liver which, due to venous occlusion, has 
markedly decreased peripheral uptake. Therefore, the 
hot spot in Budd-Chiari syndrome is an area of diffuse 
activity representing a lobe of the liver. In several of the 
previously reported cases of superior vena caval obstruc- 
tion, a distinct localized area of increased uptake was 
seen along the inferior margin of the liver between the 
right and left lobes at the entrance of the portal vein. 
This is readily differentiated from the findings in Budd- 
Chiari syndrome inasmuch as the area of superior vena 
caval obstruction does not occupy nor represent an 
entire lobe of the liver. 

Most reports describe the hot spot on liver scans as 
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an oddity. With the exception of two reports [15, 16], 
there has been little detailed attention to the abnormal 
anatomic venous channels which clearly explain and 
define the reason for the hot spot, even though animal 
experiments more than 40 years ago anticipated this 
finding [21]. We report four cases of superior vena caval 
obstruction with a spectrum of liver scan findings. In an 
attempt to explain our cases and, perhaps, some other 
reported cases, correlative anatomic venous collateral 
channel pathways are presented. We also report a liver 
"warm spot" associated with superior vena caval ob- 
struction and explain its potential significance. The liver 
warm spot is an area of slightly increased uptake local- 
ized to the anterior superior aspect of the liver, away 
from the portal area but at the junction of the right and 
left lobes of the liver. It does not represent or involve a 
single liver lobe but, rather, a portion of two lobes of the 
liver at the level of the "bare area." 


Case Reports 
Case 1: Hot Spot 


M. K., a 25-year-old female, was in good health until July 
1975 when she noted a nontender right supraclavicular mass. A 
biopsy was interpreted as possible Hodgkin's disease. In late 
1976 a chest radiograph revealed an enlarging mediastinal 
mass and pleural effusion. Examination of the skin revealed 
numerous superficial veins and varices on the anterior chest 
wall and the upper right abdominal area. The patient received 
immediate radiation therapy to the mediastinum with subse- 
quent clearing of the right pleural effusion. Four days after the 
beginning of radiation therapy a liver-spleen scan showed an 
area of increased uptake at the inferior aspect of the liver at the 
junction of the right and left lobes (hot spot); the scan was 
otherwise normal. A flow study performed immediately after- 
ward using 10 mCi of ®™Tc sulfur colloid demonstrated an 
incomplete superior vena caval obstruction with numerous 
collateral channels below the diaphragm (fig. 1). 


Case 2: Warm Spot 


W. S., a 33-year-old female, was admitted for evaluation of a 
mediastinal mass. She was well until 2 months prior to admis- 
sion when she noted hoarseness, dysphagia, and a 9 kg weight 
loss. A chest radiograph showed mediastinal widening. Physical 
findings included right axillary and supraclavicular adenopathy, 
a right breast mass, and a slight swelling of the face. Bilateral 
mammograms showed a lesion in the superior lateral quadrant 
of the right breast. Review of a lymph node biopsy revealed 
poorly differentiated metastatic adenocarcinoma of the breast. 
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The patient developed increasing dyspnea, fever, and gross 
hemoptysis. Physical examination demonstrated decreased 
breath sounds in the left lung base, plus diffuse coarse rhonchi. 
There was obvious swelling of the face and arms. 

The lung scan was performed using 3.9 mCi of *""Tc MAA. 
The radiopharmaceutical was administered by an intravenous 
injection into the right antecubital fossa. The routine four-view 
lung scan obtained with a scintillation camera demonstrated a 
marked decrease in perfusion of the right lower lobe and no 
perfusion of the right upper and middle lobes. In addition, 
there was a large accumulation of activity below the diaphragm 
located anteriorly and somewhat to the right of the midline. A 
flow study, immediately obtained with *"Tc sulfur colloid (9.6 
mCi), demonstrated numerous collateral channels that perfused 
an area below the diaphragm (fig. 2A). A liver-spleen scan was 
then performed. On the subsequent liver images, this “hot 
spot" proved to be the junction between the right and left lobes 
of the liver (fig. 2B). 

The liver scan was repeated 4 days later. Initially, 1.2 mCi of 
?"Tc sulfur colloid was injected into a vein on the dorsum of 
the right foot. An anterior liver image was normal at this time. A 
3.5 mCi dose of radiocolloid was then injected into a vein in the 
right antecubital fossa. A repeat anterior liver image demon- 
strated a warm spot superiorly at the junction of the right and 
left lobes (fig. 2C). The warm spot was considerably smaller 
and less active than on the previous scan, which included 
activity from both the initial lung scan and the subsequent liver 
scan (fig. 2D). The patient received emergency radiation therapy 
to the mediastinum, which continued until her death 5 days 
later. 


Fig. 1.—A, Anterior and right anterior oblique views of liver demon- 
strating area of increased activity (hot spot) in region of porta hepatis. 
B, Flow study performed after liver scan demonstrating partial superior 
vena caval obstruction plus collateral venous channels. Each frame 
represents 1 sec interval. C, Anatomic flow pattern accounting for hot 
spot: 1 = right brachial vein, 2 = axillary vein, 3 = subclavian vein, 4 = 
internal thoracic vein, 5 — superior epigastric vein, 6 — inferior epigastric 
vein, 7 = paraumbilical vein, 8 = left portal vein, * = partial SVC 
obstruction, + = umbilicus. 





Autopsy revealed a large metastatic undifferentiated adeno- 
carcinoma constricting the superior vena cava. The liver con- 
tained multiple small hepatic adenomata, the largest of which 
was 1 cm in diameter. There were numerous smaller adenomata 
each 2-5 mm in diameter located within 3 cm of the Glisson's 
capsule in the anterior and superior portion of the liver, at the 
junction of the right and left lobes. This area corresponded 
with the location of the warm spot on the liver scan. These 
adenomata were interconnected with abnormal fibrous bands. 
No metastatic adenocarcinoma was detected in the liver. 


Case 3: No Spot 


W. W., a 53-year-old male, was admitted for evaluation of 
superior vena caval occlusion; a chest radiograph showed a 
mass along the right mediastinum. Bilateral arm venograms 
demonstrated complete occlusion of the superior vena cava 
(fig. 3A). A liver scan was performed to rule out metastatic 
disease. Because the patient was known to have superior vena 
caval obstruction, a liver flow study was performed; this dem- 
onstrated numerous collateral venous channels (figs. 3B-3D). 
He eventually underwent anterior mediastinal exploration which 
revealed a hard mass involving the lymph nodes of the superior 
mediastinum. Histologic examination did not reveal any evi- 
dence of carcinoma. Gram stains were positive for organisms 
which appeared to be Histoplasma capsulatum. 


Case 4: No Spot 


J. G., a 42-year-old male with known metastatic carcinoma 
of the lung with secondary superior vena caval obstruction, 
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Fig. 2.—A, Flow study after lung scan demonstrating abnormal venous 
collateral channels entering activity below diaphragm. Note lung activity 
on left plus flow totally bypassing heart. Each frame represents 1 sec 
interval. B, Liver scan obtained after flow study localizing abnormal 
activity in liver. C, Initial liver image (left) obtained by injection of **"Tc 
sulfur colloid into a vein in dorsum of right foot. Subsequent liver image 
obtained by injection into right antecubital fossa. Note warm spot (arrow) 
at junction of right and left lobes in region of base area of liver. D, 
Anatomic flow pattern accounting for warm spot: 1 — right brachial 
vein, 2 — axillary vein, 3 — subclavian vein, 4 — internal thoracic vein, 5 
= superior phrenic vein, 6 = inferior phrenic vein, 7 — hepatic and cava 
veins, 8 — bare area of the liver, * — complete superior vena caval 
obstruction. 


was admitted with symptoms of an acute abdomen. On the day 
prior to this admission he noticed a slightly decreased urinary 
output and the insidious onset of lower abdominal crampy 
pain. Physical examination demonstrated puffy eyelids and a 
supple neck with gross jugular venous distention. Abdominal 
examination revealed bulging flanks. The liver percussed to 11 
cm and was not tender. There was swelling of both upper 
extremities. The patient also had venous collateral channels 
visible on his thorax and abdomen. Liver scan was included in 
the evaluation for disseminated metastatic disease; it was neg- 
ative (fig. 4A). A subsequent liver flow study demonstrated 
numerous collateral channels, all which bypassed the liver 
(figs. 4B and 4C). The patient's hospital course was marked by 
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improvement in all respects. The precise etiology of the acute 
renal failure was never determined. 


Discussion 


Several possible explanations have been proposed for 
the etiology of the hot spot on liver scan. One possibility 
is a tumor which actively accumulates sulfur colloid. 
This possibility was excluded by autopsy examination of 
the liver in case 2. A more likely explanation is that the 
increased abnormal blood flow localized to a specific 
area of the liver presents the surrounding reticuloendo- 
thelial cells with a greater portion of colloid to be 
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Fig. 3.—A, Bilateral arm ve- 
nograms demonstrating complete 
superior vena caval obstruction 
with numerous collateral chan- 
nels. B, Combined cardiac he- 
patic flow study (1 sec per frame) 
demonstrating complete supe- 
rior vena caval obstruction with 
no flow through liver. C, Anterior 
liver scan obtained after flow 
study. No abnormality seen. D, 
Anatomic flow pattern: 1 — left 
brachial vein, 2 — axillary vein, 3 
= subclavian vein, 4 = superior 
intercostal vein, 5 = accessory 
hemiazygos vein, 6 = hemiazy- 
gos vein, 7 = ascending lumbar C 
vein, * = complete superior vena 
caval obstruction. 





phagocytized compared to the remainder of the reticu- 
loendothelial cells of the liver. The warm spot is probably 
related to the venous collateral channels in the area of 
the localized collections of various sized adenomata and 
interstitial fibrosis. These additional intrinsic liver abnor- 
malities may have resulted in a fairly large area of venous 
stasis between the left and right lobes of the liver 
allowing prolonged phagocytosis of the sulfur colloid. 
This large diffuse area of stasis resulted in the warm 
spot rather than a concentration of colloid over a smaller 
area (hot spot). 

Cases 3 and 4 had clearly demonstrated long-standing 
superior vena caval obstruction. In these cases, as in 
previously reported ones, the liver scans were typically 
normal since the abnormal collateral venous channels 
were separate from the the hepatic venous circulation. 
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This can be demonstrated either by an isotopic or arte- 
riographic flow study. Therefore, formation of liver 
spots follows well defined anatomic and physiologic 
principles. 

Three potential findings may be associated with a 
superior vena caval obstruction, only one of which may 
have any prognostic significance. 

1. A superior vena caval obstruction may not be asso- 
ciated with any focal change on the liver scan. Usually 
there is no spot. 

2. The hot spot is simply a well localized abnormal 
blood flow phenomenon of collateral channels unrelated 
to any intrinsic liver disease. It is characteristically lo- 
cated on the anterior inferior aspect of the liver, near 
the portal area, at the junction of the right and left lobes. 

3. The warm spot may be caused by any large area of 
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venous stasis. It is located on the anterior superior 
aspect of the liver, away from the portal area, at the 
junction of the right and left lobes. The warm spot 
cannot apparently differentiate between benign or malig- 
nant disease of the liver, but it may suggest intrinsic 
liver pathology when it is the only obvious abnormality 
present. 
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Acute Gastric Dilatation in Neglected Children 


E. A. FRANKEN, JR.,! MARK FOX, JOHN A. SMITH, AND WILBUR L. SMITH 


Acute gastric dilatation occurred in five children suffering 
from parental neglect or deprivational dwarfism. Pathogen- 
esis of acute gastric atony in the deprived child is related to 
structural and functional changes in the stomach due to 
chronic starvation, and the acute ingestion of a large meal. 
Radiographic recognition of acute gastric dilatation in a child 
who is not postoperative or intoxicated should suggest the 
presence of chronic starvation and child neglect. 


Acute gastric dilatation occurs as a complication of 
diverse diseases. We report acute gastric dilatation as a 
manifestation of child neglect and abuse; recognition of 
this association by the radiologist not only results in 
correct treatment of the gastric dilatation but also allows 
identification of child abuse in the affected patient. 


Case Material 


Acute gastric dilatation in abused children has been 
recognized at this institution in five children. After de- 
tailed social investigation, physical and/or historical evi- 
dence of abuse and deprivation was noted in all patients. 
All cases were characterized by ingestion of a large 
amount of food, subsequent acute gastric dilatation, 
and return to normal gastric emptying after appropriate 
treatment (table 1). 


Representative Case Report 


S. L., a 3-year-old boy, was brought to the hospital because 
he had been observed drinking from a toilet recently cleansed 
with alkali. At physical examination there were no signs of 
acute gastrointestinal injury. He was below the third percentile 
in height and weight. Because the boy was small for age and 
showed several scars over his body, he was admitted for 
evaluation. Subsequent social investigation of the child and his 
family revealed definite evidence of social and nutritional dep- 
rivation, and the possibility of active abuse. 

On admission the patient was given milk, which the nursing 
attendants noted was drunk “ravenously.” Because of his vora- 
cious appetite he was given multiple other snacks over the next 
few hours, all of which were promptly devoured. About 12 hr 
after admission he became acutely ill with abdominal distention, 
pain, and vomiting. Supine and upright views of the abdomen 
(fig. 1A) showed enormous distention of the stomach with 
intraluminal fluid, chyme, and air. A nasogastric tube was 
passed into the stomach and suction instituted. Gastric suction 
was discontinued 12 hr later, and the patient was begun on a 
graduated diet, initially consisting of liquids, progressing to a 
regular diet over the next 2 days. He subsequently did well, 
gained weight, and became active and cheerful. An upper 
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gastrointestinal series performed 7 days after admission (fig. 
1B) was normal. After 15 days the patient was discharged from 
the hospital with subsequent supervision by the child welfare 
agency. 


Discussion 


Child abuse occurs in a spectrum ranging from infan- 
ticide to physical, nutritional, and emotional neglect [1- 
4]. In 1969 Silver and Finkelstein [5] described the 
syndrome which they entitled deprivational dwarfism, a 
condition characterized by the triad of extreme short 
stature, voracious appetite, and lack of sexual matura- 
tion. They attributed the pathogenesis of the syndrome 
to social and emotional neglect, with hypothalamic me- 
diated metabolic deficit. However, later investigators 
determined that these children failed to thrive and ex- 
hibited a voracious appetite when institutionalized be- 
cause they were chronically starved at home [6]. The 
patients in this report fit the syndrome of deprivational 
dwarfism, although several had signs of direct physical 
abuse as well. 

Acute gastric dilatation (gastrectasia, gastric atony) is 
a paralytic phenomenon; that is, it results from loss of 
muscle tonus rather than mechanical gastric outlet ob- 
struction [7]. Although its usual occurrence is in the 
postoperative patient, acute gastric dilatation has also 
been described in many other acute and chronic condi- 
tions [7-11], including starvation [12]. The common 
physiologic mechanism seen in most instances is auto- 
nomically mediated inhibition of normal muscular tonus 
of the stomach, with subsequent inflow of gastric juice, 
retrograde spill of biliary and pancreatic secretions, and 
accumulation of swallowed air, saliva, and food or drink 
[9]. 

Considerable structural and physiologic changes are 
found in the stomach as a result of chronic starvation. 
There is atrophy of the muscular layers to the point that 
the stomach and intestines are described as "tissue 
paper thin” [13]; the distal intestines are relatively less 
affected than are the stomach and proximal small bowel. 
Mucosal atrophy with hypochlorhydria is seen in young 
starved rats; older animals have mucosal ulcerations 
and submucosal edema [14]. Degenerative changes in 
Auerbach's plexus are frequently noted [15, 16]. Physio- 
logic studies indicate delayed gastric emptying in 
chronic starvation [15]; this is probably specifically sec- 
ondary to protein deficit, although the mechanism is 
obscure [14]. 
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TABLE 1 


Summary of Clinical and Radiographic Findings 














Clinical Presentation 


Abdominal Symptoms 


Abdominal Radiograph 





Patient UM 
o. Le deer: 3, M 
DR. usos 2, M 
TN. ossa 8, M 
i PE 22 4, M 
DT 5, F 


Admitted for question of 
alkali ingestion; short 
stature 


Sudden abdominal 
distention after 
ingestion of large 
meal at 
grandmother's home 

sudden abdominal 
distention after 
ingestion of large 
meal at home 

Brought to hospital by 
relative for suspected 
parental abuse 

Brought to hospital by 
relative for suspected 
parental abuse 


Sudden abdominal distention 
after ingestion of large 
amount food when 
hospitalized 

Same as clinical presentation 


Same as clinical presentation 


Sudden abdominal distention 
with shock after ingestion 
of large meal in hospital 

Sudden abdominal distention 
with shock after ingestion 
of large meal in hospital 


Other Evidence 
of Neglect and 
Physical Abuse 





Enormous dilatation of stomach 
on initial film; normal upper GI 
series 7 days later 


Acute gastric distention on initial 
film; normal upper GI series 7 
days later 


Acute gastric dilatation initially; 
normal upper GI series 8 days 
later 


Acute gastric distention initially; 
normal plain film 3 days later 


Acute gastric distention initially; 
normal plain film 3 days later 


Several 
scars on 
body 


Burn scars 
on legs 


Dirty and 
unkempt 


Dirty and 
unkempt 





Note. — The height and weight of all 


* Sister of T. T. 





Fig. 1.—A, Supine abdominal radiograph showing massively di 
gastrointestinal series 7 days later showing normal stomach and duodenum. 


Hormonal alterations in starvation are substantial, par- 
ticularly in acute stages; chronically there is an attempt 
at protein conservation mediated primarily by breakdown 
products of muscle [17]. Effects of these metabolic 


patients were below the third percentile. All patients had "voracious" or "huge" appetites and all had historic evidence of deprivation. 


stended stomach filled with ingested food, secretions, and air. B, Upper 


events on the gastrointestinal tract are unknown. Reduc- 
tion in pancreatic secretions and damage to mucosal 
cells may result in malabsorption [16, 18]. 

Acute gastric distention has previously been reported 


GASTRIC DILATATION IN NEGLECTED CHILDREN 


in chronic starvation in various groups: volunteers in 
the starvation experiments at the University of Minnesota 
[15], prisoners of war [19], and children with anorexia 
nervosa [12]. The same phenomenon has been noted in 
deprived children (W. E. Berdon, personal communica- 
tion), and Gloebl et al. [20] reported dilatation of the 
stomach in such children. The stomach remains some- 
what distended in chronic starvation, partially due to 
ingestion of large quantities of very low calorie food 
[19]. Acute gastric distention occurs when the chroni- 
cally starved individual suddenly ingests a large quantity 
of high calorie food. Subsequent to the distention of the 
stomach by intraluminal contents, there is decompensa- 
tion with acute gastric dilatation. 

Radiographic recognition of acute gastric dilatation is 
not difficult. An enormous left upper quadrant soft tissue 
mass in the region of the stomach with displacement of 
adjacent viscera laterally and inferiorly is seen in the 
supine film, and an air-fluid level within the stomach on 
upright or decubitus examination [9]. If there is a ques- 
tion of mechanical gastric outlet obstruction, an upper 
gastrointestinal series can be performed in the convales- 
cent period. 

Radiographic studies are of no particular value in 
determining that the cause of acute gastric distention in 
the individual child is the result of nutritional deprivation, 
unless there is other radiographic evidence of child 
abuse. However, the presence of this condition in the 
child who is not postoperative or pharmacologically 
intoxicated should raise the suspicion of nutritional 
deprivation. It is of interest that the diagnosis of acute 
gastric distention secondary to nutritional deprivation 
was suggested initially by the radiologist in all the cases 
reported here; the clinicians were unaware of this asso- 
ciation. 

Treatment of acute gastric distention involves de- 
compression of the stomach by nasogastric intubation, 
appropriate intravenous fluids to counteract shock, and 
slow resumption of small but frequent oral feedings 
after 12-24 hr. Treatment of the child and family in 
which child abuse and deprivation occur is beyond the 
scope of this paper. 
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Recurring Hyperplastic Gastric Polyps Following Subtotal Gastrectomy 


NORMAN JOFFE,’ HARVEY GOLDMAN,? AND DONALD A. ANTONIOLI* 


Mucosal polyps of the stomach are separated by histologic 
means into two major groups: (1) hyperplastic (or regenera- 
tive) polyps and (2) adenomas, including adenomatous polyps 
and villous adenoma. Hyperplastic polyps are not true neo- 
plasms, but probably represent a reactive response to some 
form of mucosal injury. A little known but interesting manifes- 
tation of hyperplastic gastric polyps concerns their develop- 
ment, growth, and recurrence in the gastric remnant following 
subtotal gastrectomy. The clinical, radiologic, and pathologic 
findings in two cases of recurring symptomatic hyperplastic 
gastric polyps after subtotal gastrectomy are presented. It is 
proposed that reflux bile gastritis might have played an impor- 
tant etiologic role in the development of these recurring 
hyperplastic polyps. 


Apart from rare syndromes of diffuse gastrointestinal 
polyposis, mucosal polyps of the stomach are separated 
histologically into two major groups: (1) hyperplastic (or 
regenerative) polyps, and (2) adenomas, including ade- 
nomatous polyps and villous adenoma. The hyperplastic 
polyps are much more common and are often multiple. 
They are usually small (less than 2 cm in diameter) and 
have a smooth or slightly tobulated contour. Malignant 
transformation has not been demonstrated with certainty 
in this group of polyps, but they may be associated with 
separate carcinomas elsewhere in the stomach. In con- 
trast, the adenomas are true neoplasms and possess a 
definite tendency to malignant transformation [1-4]. 

The great majority of hyperplastic polyps are asymp- 
tomatic and are noted as incidental findings at radio- 
graphic, endoscopic, or gross pathologic examination. 
Exceptionally, resection of hyperplastic polyps is re- 
quired for hemorrhage, transpyloric prolapse and ob- 
struction, or for histologic evaluation of large polyps 
that cannot be adequately distinguished from adenomas 
or polypoid carcinoma. A little known but interesting 
manifestation of hyperplastic gastric polyps concerns 
their development, growth, and recurrence within the 
gastric remnant after subtotal gastrectomy. This may 
occur regardless of the indications for the initial gastric 
surgery, which might include treatment of preexistent 
polyps or some unrelated condition, such as peptic 
ulcer disease. We report two illustrative cases of recur- 
ring symptomatic hyperplastic gastric polyps following 
subtotal gastrectomy. 


Case Reports 
Case 1 


A 30-year-old white female underwent a Bilroth-ll gastrectomy 
in 1967 for prepyloric ulcer disease. She experienced postoper- 
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ative dumping symptoms which lasted about 1 year. In 1969, 
she developed epigastric pain, bilious vomiting, and gastroin- 
testinal bleeding. An upper gastrointestinal examination re- 
vealed prominent rugal folds with at least three discrete polyps 
in the gastric remnant, just proximal to the gastrojejunostomy 
stoma (fig. 1A). The findings were confirmed by endoscopy 
which showed, in addition, erythema and edema of the mucosa 
and free bile in the gastric remnant; the stoma was widely 
patent and the proximal jejunal loops appeared normal. Be- 
cause of the severe clinical symptoms, the polyps were surgi- 
cally removed via a gastrotomy incision. Microscopic examina- 
tion revealed hyperplastic (regenerative) gastric polyps (figs. 
1B and 1C). In June 1972, the patient presented with acute 
hematemesis. An upper gastrointestinal examination revealed 
recurrence of several polyps in the gastric remnant immediately 
proximal to the gastrojejunostomy stoma, and the findings 
were confirmed by endoscopy. Cytology and biopsy were nega- 
tive for malignancy, and she was treated with a bland diet, 
antacids, iron, and vitamins. 

In June 1974, the patient presented with gross melena, 
dizziness, and low hematocrit. After the passage of a nasogas- 
tric tube in the emergency room she vomited dark bloody 
material. The vomitus contained a 3 x 2 x 1.5 cm polyp; 
microscopic examination revealed it was hyperplastic. Gastros- 
copy and an upper gastrointestinal examination (fig. 1D) dis- 
closed a large conglomerate mass of polyps in the gastric 
remnant adjacent to the gastroenteric anastomosis. No surgery 
was undertaken, and the patient remained reasonably well 
apart from recurrent attacks of epigastric pain. Because of the 
increasing severity and frequency of these attacks, gastroscopy 
was performed in May 1976 and disclosed a huge cluster of 
polyps in the gastric remnant proximal to the stoma. These 
were snared, fulgurated, and removed in several separate 
pieces. Microscopic examination again showed hyperplastic 


polyps. 
Case 2 


In 1952, a 34-year-old white female with known pernicious 
anemia underwent a Bilroth-Il gastrectomy for the treatment of 
multiple symptomatic hyperplastic polyps of the antrum. In 
1953, a subtotal thyroidectomy was performed for nontoxic 
nodular goitre and in 1965 a left mastectomy for Paget's disease 
of the nipple. Recurrent hyperplastic polyps in the gastric 
remnant were removed by surgical gastrotomy in 1954, 1959, 
and 1965. Follow-up barium examinations revealed no evidence 
of recurrence until 1968, when the patient was again found to 
have two small polyps in the gastric remnant immediately 
proximal to the gastrojejunostomy stoma (fig. 2A). These were 
confirmed by gastroscopy; the mucosa in the gastric remnant 
was slightly reddened and atrophic, and a small amount of bile 
was present. Regular follow-up studies disclosed progressive 
enlargement of these polyps (fig. 2B). 

In 1974, the patient was admitted for further surgery, since a 
large conglomerate mass of polyps had developed in the gastric 
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remnant adjacent to the stoma; these had partly prolapsed 
through the gastrojejunostomy stoma (fig. 2C) and were be- 
lieved to be responsible for symptoms of intermittent gastric 
outlet obstruction. At gastrotomy three large polyps were re- 
moved. The largest measured 4.5 x 4 x 3.5 cm and was 
prolapsed into the jejunum; the other polyps each measured 3 





Fig. 1.— Case 1. A, Upper gastrointestinal study in 1969, 2 years after 
Bilroth-ll gastrectomy for prepyloric ulcer, showing at least three discrete 
polyps in gastric remnant adjacent to gastroenteric anastomosis. B, 
Scanning power photomicrograph of one excised polyp showing numer- 
ous papillary configurations. Dark staining of stroma is due to intense 
acute and chronic inflammatory reaction (H and E, x14). C, High power 
view of benign surface-foveolar type glandular epithelium in polyp, 
characterized by uniform, small, basally oriented nuclei and copious 
mucin production (H and E, x215). D, Upper gastrointestinal study in 
1974 showing large conglomerate mass of polyps in gastric remnant 
alongside gastroenteric anastomosis. 


x 2 x 1.5 cm. Microscopic examination of all revealed hyper- 
plastic gastric polyps (fig. 2D). 


Discussion 


The clinical, radiologic, and pathologic findings of 
recurring multiple hyperplastic polyps in the gastric 
remnant following subtotal gastrectomy are well illus- 
trated by these two patients. In case 1, the initial surgery 
was undertaken for the treatment of peptic ulcer disease; 
in case 2, a patient with known pernicious anemia, the 
indication for surgery was multiple antral polyps. Within 
2 years after surgery both patients developed multiple 
hyperplastic polyps in the gastric remnant. Repeat en- 
doscopic and barium examinations over a period of 7-8 
years revealed a progressive increase in the size and 
number of these polyps leading to the formation of large 
conglomerate masses in the gastric remnant immediately 
proximal to the gastrojejunostomy stoma. Surgical or 
transendoscopic removal of these polyps was necessi- 
tated by severe clinical symptoms on multiple occasions. 
In case 1, there was intermittent epigastric pain, vomit- 
ing, and gastrointestinal hemorrhage; during one epi- 
sode of severe vomiting an entire polyp was ejected. In 
case 2, symptoms of intermittent gastric outlet obstruc- 
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tion were produced by prolapse of a large polyp through 
the stoma into the jejunum. 

A review of the literature revealed very few similar 
cases. Cox and Cullen [5] described a patient who 
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Fig. 2.— Case 2. A, Upper gastrointestinal examination in 1968 show- 
ing two small polyps (arrows) in gastric remnant immediately proximal 
to gastroenterostomy stoma. B, Repeat examination in 1973 showing 
marked increase in size and extent of polyps. C, Barium study in 1974, 
after development of symptoms of intermittent gastric outlet obstruction. 
showing large conglomerate mass of polyps in distal portion of gastric 
remnant with prolapse of large polyp through stoma into proximal 
jejunum (arrows). D, Photomicrograph of polyp removed via gastrotomy 
showing many glands (A) formed of surface-foveolar type cells. Other 
glands (B) show intestinal metaplasia, containing absorptive cells and 
goblet-type mucin cells. Focal areas of intestinal metaplasia are common 
in hyperplastic gastric polyps. H and E, x85. 


developed bilious vomiting and hematemesis 3 years 
after undergoing a Pólya gastrectomy for chronic duo- 
denal ulcer. Upper gastrointestinal examination 4 years 
later revealed large polypoid filling defects in the gastric 
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remnant adjacent to the gastrojejunal anastomosis; at 
subsequent surgery these were noted to be due to a 
conglomerate mass of hyperplastic polyps. In one patient 
(case 2) described by Kriss [6], a polyp was noted in the 
gastric remnant near the stoma 9 years after a subtotal 
gastrectomy for hemorrhage. This was a source of bleed- 
ing and was observed to enlarge to 4 cm over the next 3 
years; although termed an "adenoma," the histologic 
description and illustration are typical of a hyperplastic 
polyp. Littler and Gleibermann [7] used the term gastritis 
cystica polyposa to describe a large polypoid mass at 
the site of a gastroenterostomy performed 18 years 
earlier for peptic ulcer disease. Histologically, there was 
evidence of hyperplastic mucosa of the gastric type, but 
also prominent submucosal involvement with mucous 
retention cysts. Griffel et al. [8] reported a similar case 
in which multiple polypoid lesions involving mucosa and 
submucosa were found adjacent to a gastroenteric an- 
astomosis 26 years after a partial gastrectomy for peptic 
ulcer disease; their patient presented with massive gas- 
tric bleeding requiring emergency surgery. This promi- 
nent submucosal involvement is not seen in the ordinary 
gastric hyperplastic polyp. 

Although the etiology of hyperplastic gastric polyps is 
unknown, they probably represent a reactive response 
to some form of mucosal injury. Moreover, their frequent 
multiplicity suggests that the gastric injury, whatever its 
cause, is often multifocal or diffuse, resulting in exces- 
sive regeneration in multiple areas [1]. The increased 
number of hyperplastic polyps found in the abnormal 
fundic areas in patients with pernicious anemia may 
also be explained on this basis. However, the etiologic 
role of this disease in the evolution of the postoperative 
polyps in our patient with pernicious anemia is difficult 
to evaluate, especially in view of their localization and 
recurrence alongside the gastroenteric anastomosis. 
The similarity of the clinical course and pathologic find- 
ings in both of our cases and the few in the literature 
would rather seem to imply some other common etio- 
logic mechanism for the “mucosal injury." 

Gastroscopic biopsies of the stomach mucosa after 
gastroenterostomy [9, 10] have shown a high incidence 
of abnormalities in the region of the stoma. The majority 
of cases have shown some degree of gastritis, glandular 
atrophy, and intestinal metaplasia, with a polypoid ap- 
pearance noted in 40% [9]. Other workers [11-13] have 
similarly noted metaplastic mucosal changes adjacent 
to a gastroenteric anastomosis after gastric surgery for 
benign disease. Thus the occurrence of mucosal altera- 
tions and polypoid lesions at the stoma may reflect the 
fact that this area is subjected in some way to injury in 
the postoperative stomach. In a study of these atrophic 
changes in the gastric remnant following gastrectomy 
and gastrojejunostomy, Nakajima et al. [14] observed 
that, while a pronounced atrophic gastritis occurred in 
the area of the anastomosis after 5096 gastrectomy and 
gastroenterostomy, only slight atrophy was found if the 
subtotal gastrectomy was accompanied by a Roux-en-Y 
anastomosis to prevent reflux of duodenal contents into 
the gastric remnant. 


In this regard, one mechanism which might be consid- 
ered of etiologic significance in the development of the 
recurring hyperplastic polyps in our patients is that of 
reflux bile gastritis. On the basis of both experimental 
and clinical evidence [12, 15-18], the syndrome of reflux 
bile gastritis is now a well accepted entity. Radiology is 
generally not considered to play a diagnostic role in this 
syndrome, although Thorfinnson and Brow [19] noted 
abnormal findings in 10 of 30 patients with bile gastritis. 
These consisted of marked enlargement of the gastric 
rugal folds, especially in the region of the gastroenteric 
anastomosis. Kim et al. [20] described a patient with bile 
gastritis in whom barium studies revealed prominent 
folds and polypoid nodules alongside the stoma. 

In one of our patients (case 1), endoscopic examina- 
tion disclosed changes consistent with reflux bile gastri- 
tis prior to the development of the conglomerate mass 
of polyps in the region of the gastroenteric anastomosis. 
The second patient exhibited only minimal changes to 
support this diagnosis, but there was an additional 
preexistent cause for mucosal aberration, namely, per- 
nicious anemia. We speculate that reflux bile gastritis 
may have played an etiologic role in initiating mucosal 
injury leading to the subsequent development of the 
recurring hyperplastic polyps. However, proof of such 
an association will have to await further reports of similar 
cases. If such an association is indeed established, the 
preferred mode of therapy might be directed toward the 
prevention of bile gastritis by either the administration 
of cholestyramine [21] or a Roux-en-Y revision of the 
gastroenterosomy [12, 14, 22], rather than repeated 
removal of the polyps in the gastric remnant. 

A variety of other lesions may occur at the site of a 
healed gastroenteric anastomosis. These include suture 
granuloma, stomal ulcer, mucosal prolapse, and retro- 
grade jejunal intussusception. However, it is particularly 
important to differentiate the entity of recurring hyper- 
plastic polyps from carcinoma in the postoperative stom- 
ach. An increased incidence of carcinoma developing in 
the gastric remnant after subtotal gastrectomy for benign 
gastric or duodenal ulcer disease is well documented [9, 
23-26]. This usually occurs 15-30 or more years after 
the initial surgery, the extremely long interval virtually 
excluding coexistent carcinoma as the initial lesion. In 
such cases, the anastomotic area seems to be most 
commonly involved [9, 27]. It has been previously postu- 
lated [28] that chronic reflux of bile and pancreatic 
juices into the stomach through a gastroenterostomy 
stoma may initiate mucosal dysplasia and the subse- 
quent development of malignancy. Our cases demon- 
strate that polypoid lesions which develop in the gastric 
remnant within a few years after surgery are more likely 
to be hyperplastic polyps than carcinoma. However, 
endoscopy and biopsy are essential for confirmation of 
the diagnosis. 
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Early Lesions of Crohn's Disease 


IGOR LAUFER' AND LAMBROS COSTOPOULOS* 


In its early stages, Crohn’s disease may be manifested as 
small aphthoid ulcers. Because these ulcers are small and 
shallow, they are difficult or impossible to demonstrate on 
conventional barium-filled studies of the gastrointestinal tract. 
Using double contrast techniques, we have been able to 
demonstrate these early lesions of Crohn’s disease in the 
colon, small bowel, and stomach. The aphthoid ulcers pro- 
duce a "bull's-eye" or "target" lesion consisting of a small 
central collection of barium surrounded by radiolucent halo 
due to the granulomatous inflammation. The appearance is 
identical in the colon, small bowel, and stomach. The early 
lesions may be seen adjacent to or at a distance from a 
segment of more severe disease. In some patients, only 
these early lesions are found. The radiologic demonstration 
of these aphthoid ulcers allows for early diagnosis, facilitates 
differentiation between ulcerative and granulomatous colitis, 
and is important for planning appropriate therapy. 


Morson and Dawson [1] describe the early lesions of 
Crohn's disease as a combination of lymphoid hyperpla- 
sia and superficial ulceration. In their earliest form, 
these lesions "present as small, aphthoid ulcers. They 
vary in size from tiny, pinpoint hemorrhagic lesions to 
small, clearly defined, shallow ulcers with a white base 
and are easily missed if the specimen is not carefully 
prepared and examined. They are sometimes found 
close to the limit of excision of resected specimens and 
if left behind may form the pathological basis for recur- 


rence. They may also be found adjacent to more ad- 
vanced lesions" [1]. This pathologic appearance is found 
in all parts of the gastrointestinal tract affected by 
Crohn's disease. Because of their small size, these 
aphthous ulcers are difficult or impossible to recognize 
on conventional barium studies. Double contrast tech- 
niques allow a more detailed examination of the mucosal 
surface. By applying these techniques to all areas of the 
gastrointestinal tract, we were able to recognize these 
early lesions of Crohn's disease in the stomach, small 
bowel, and colon. 


Materials and Methods 
Colon 


Our method of performing the double contrast enema has 
been described in detail [2, 3]. The important elements of the 
examination include adequate colonic cleansing and good 
mucosal coating. The normal colonic mucosa has a very flat, 
featureless surface against which the early lesions of Crohn's 
disease stand out. 


Small Bowel 


Double contrast views of the distal small bowel can frequently 
be obtained in the course of the routine double contrast enema. 
Alternatively, double contrast views of the small bowel can be 
obtained by modifications of the small bowel enema technique 
described by Sellink [4]. Duodenal intubation is performed as 





Fig. 1. —Aphthoid ulcers of Crohn's disease. A, Photomicrograph showing localized transmural inflammation with superficial ulceration. Ulcer has 
heaped-up margins. Mucosa on both sides of ulcer is normal. B, Endoscopic photograph showing aphthoid ulcer with white base and slightly elevated 
margins on background of normal mucosa. 
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Fig. 2.—Crohn's colitis (two patients). A, Double 
contrast examination showing multiple aphthoid 
ulcers in ascending colon on background of nor- 
mal mucosa. Note segment of more severe disease 
near hepatic flexure (arrows). B, Localized view of 
descending colon in same patient showing multiple 
aphthoid ulcers with intervening normal mucosa. 
C, Film in patient with small bowel disease showing 
aphthoid ulcers in sigmoid colon. There was no 
other colonic involvment in this patient. D, Colon- 
oscopic photograph in which aphthoid ulcers in C 
appear as only pinpoint hemorrhagic lesions. 


for hypotonic duodenography [5]; the tip of the tube is posi- of the mucosal surface by the barium suspension while the 
tioned near the duodenojejunal junction. Approximately 600 ml bowel is distended by the radiolucent fluid. As the barium 
of barium suspension is infused followed by a 1% suspension reaches the cecum, double contrast views of the distal small 


of Metamucil. The double contrast effect is produced by coating bowel can be obtained by rectal insufflation of air. The quality 
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of the examination can be enhanced if the small bowel is 
relaxed by an intravenous injection of glucagon or Pro-Banthine 
at this point. 


Stomach 


Our technique of double contrast examination of the stomach 
has been described in detail [6], and its value for the detection 
of superficial gastric erosions has been reported [7]. This 
technique also incorporates double contrast views of the esoph- 
agus and duodenum, but we have not yet encountered the 
early lesions of Crohn's disease in these organs. 


Results 
Colon 


The radiologic appearance of the aphthoid ulcers of 
Crohn's disease corresponds very closely to the patho- 
logic description by Morson and Dawson [1] (fig. 1). 
These ulcers are easiest to recognize when seen en face 
as a small central collection of barium representing the 
ulcer and a surrounding radiolucent halo due to the 
granulomatous inflammation. This combination results 
in a typical "target" or "bull's eye" lesion. Most fre- 
quently these lesions are seen at the proximal or distal 
margin of a segment of more severe disease (fig. 2A). 
They may also be seen at a distance from the more 
severely diseased segment (fig. 2B). The demonstration 
of these distant lesions is particularly important, since it 
establishes the presence of discontinuous disease which 
greatly facilitates the differential diagnosis between 
granulomatous and ulcerative colitis [8]. In other pa- 
tients, a few small aphthoid ulcers may represent the 
only colonic involvement in patients with more obvious 
disease in the small bowel (figs. 2C and 2D). In such 
cases, the finding of these subtle lesions has important 
implications if surgical therapy is being contemplated. 


Small Bowel 


Normal valvulae conniventes (fig. 3A) are thin and 
straight. Early Crohn's disease may be manifest as thick- 
ening, irregularity, and nodularity of the valvulae without 
ulceration (fig. 3B). In other patients aphthoid ulcers 
identical to those seen in the colon may be found (fig. 
3C). In this early stage there may be no secondary signs 
of Crohn's disease, such as thickening of the wall, 
mesenteric involvement, and spasm. Thus the demon- 
stration of mucosal disease may be critical for estab- 
lishing the diagnosis. 


Stomach 


The usual radiographic features of Crohn's disease 
involving the stomach include a cobblestone mucosa 
and gastric outlet obstruction [9]. However, this must 
represent an advanced stage of the disease. Figure 4 is 
a close-up of the stomach showing multiple superficial 
gastric erosions in a patient with Crohn's disease of the 
small bowel. At endoscopy, the appearance of these 
erosions corresponded to the aphthoid ulcers of Crohn's 
disease, and biopsies yielded noncaseating granulo- 
mata. Therefore, we believe that these represent the 
early lesions of Crohn's disease in the stomach. 


Discussion 


On review of the literature, it is apparent that the 
aphthoid ulcers of colonic Crohn's disease have been 
demonstrated by only a few authors using double con- 
trast techniques [10-12]. We have seen these aphthoid 
ulcers in about 5096 of patients with Crohn's colitis, 
either as isolated lesions or in conjunction with areas of 
more severe disease. Brahme and Fork [13] showed that 
these are unstable lesions which usually progress to 
gross destruction or, less frequently, may disappear 
completely. 

These lesions are more difficult to demonstrate in the 
small bowel. Using the small bowel enema technique, 
Sellink [14] illustrated a few examples of target lesions 
in small bowel which he believed represented the gran- 
ulomata of Crohn's disease. These are probably the 
same lesions as the aphthoid ulcers which are easier to 
appreciate on double contrast views. 

The aphthoid ulcers of Crohn's disease in the stomach 
resemble superficial gastric erosions. Danzi et al. [15] 
found these aphthoid ulcerations at endoscopy in nine 
of 14 patients with Crohn's disease involving the stom- 
ach, although they were always found in association 
with evidence of more extensive disease such as cobble- 
stone mucosa, thickened antral folds, linear ulcers, and 
antral narrowing. Beeber et al. [16] performed esopha- 
gogastroduodenoscopy on 30 patients with Crohn's dis- 
ease who had no radiologic involvement of the stomach 
or duodenum and found four patients with erosive gas- 
tritis. Using double contrast technique, we have seen 
erosive gastritis in four patients with Crohn's disease, 
and endoscopic biopsies have yielded noncaseating 
granulomata in three of these patients. One case has 
been reported in detail [17]. These findings suggest that 
in some patients, the superficial gastric erosions are in 
fact the aphthoid ulcers of early Crohn's disease, al- 
though certainly some patients with Crohn's disease 
may have erosive gastritis unrelated to the underlying 
disease. 

The radiologic demonstration of these early lesions of 
Crohn's disease has important clinical implications. In 
patients who have only early lesions, this radiologic 
demonstration establishes the diagnosis and prevents 
further unnecessary investigation. It also allows earlier 
symptomatic treatment. In patients with colitis, the dem- 
onstration of these early lesions on a background of 
normal mucosa greatly facilitates the differential diag- 
nosis between ulcerative and granulomatous colitis. In 
ulcerative colitis, the early radiologic changes consist of 
a finely granular mucosa which represents edema and 
hyperemia. As superficial ulcers develop, the mucosa 
has stippled appearance [12]. The typical target lesions 
of Crohn's disease are not seen in ulcerative colitis 
because the mucosa surrounding the ulcer is granular 
rather than flat. 

These aphthoid ulcers are also important in the plan- 
ning of surgery in patients with Crohn's disease. If a 
partial bowel resection is performed and some of these 
lesions are left behind, postoperative recurrence of dis- 
ease can be expected. 
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Fig. 3.—Crohn's ileitis; normal (A) compared with two cases of early Crohn's disease 
(B and C). A, Normal terminal ileum showing thin straight valvulae. B, Early Crohn's disease 
with thickening, irregularity, and nodularity of valvulae without ulceration. C, Early 
Crohn's disease with multiple aphthoid ulcers of terminal ileum. 


ONES other types of colitis, and the nature of spontaneous 
^ id and postoperative recurrence. 
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Severity of Postmyelographic Arachnoiditis and Concentration of 
Meglumine locarmate in Primates 


VICTOR M. HAUGHTON,' KHANG-CHENG HO,? GEORGE F. UNGER,' SANFORD J. LARSON ° 
ALAN L. WILLIAMS,’ AND PETTER ELDEVIK' 


Myelography with meglumine iocarmate, a dilute meglu- 
mine iocarmate solution, or gas was performed in macaque 
monkeys. Twelve weeks later the animals were examined 
myelographically and histologically for evidence of arachnoid- 
itis. Arachnoiditis in the animals treated with dilute meglumine 
iocarmate and gas was significantly less than in those treated 
with meglumine iocarmate. 


Under some conditions, myelography with meglumine 
iocarmate (Dimeray) will result in arachnoiditis. Myelo- 
graphic signs of arachnoiditis have been reported in 
9920-7296 of patients who previously had meglumine 
iocarmate myelography [1-9]. Myelographic and histo- 
logic evidence of arachnoiditis has been seen in primates 
undergoing experimental myelography with meglumine 
iocarmate [10-13]. Our experiments compare the severity 
of arachnoiditis resulting from myelography with meglu- 
mine iocarmate (282 mg l/ml), dilute meglumine iocar- 
mate (141 mg l/ml), and filtered room air. 


Materials and Methods 


The primate model for studying arachnoiditis resulting from 
experimental water soluble myelography has been described 
previously in detail [13]. For this study, 12 macaque monkeys 
(6-8 kg) were quarantined for 30 days, tested for mycobacterial 
and intestinal infections, and then divided into three groups. 
Group 1 (control) had gas myelography with 2.5 cm? of filtered 
room air. Group 2 had myelography with 1.2 ml of meglumine 
iocarmate (282 mg l/ml; Mallinckrodt Pharmaceutical Co., St. 
Louis, Mo.). Group 3 had myelography with 1.2 ml meglumine 
iocarmate diluted 1:1 with sterile distilled water without preserv- 
ative (141 mg l/ml; Milwaukee County General Hospital Phar- 
macy, Milwaukee, Wis.). Techniques used for meglumine iocar- 
mate myelography were the same as previously described [10- 
13]. The technique for gas myelography was similar except that 
animals were in Trendelenburg instead of upright position 
during and for 18 hr after myelography. 

Twelve weeks after the myelogram, the severity of arachnoid- 
itis in each animal was determined. To detect arachnoiditis, a 
final myelogram was performed with meglumine iocarmate 
(groups 1 and 2) or dilute meglumine iocarmate (group 3). The 
myelographic evidence of arachnoiditis was graded using a 
scoring system previously described [13]. Axillary pouch blunt- 
ing and arachnoid sac constriction at L5, L6, and L7 were 
scored 0 for no abnormality, 1 for questionable abnormality, 
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and 2, 3, or 4 for more severe changes. The scores were 
totaled for each animal. The maximum score possible was 36. 

After the final myelogram, the dural sac and its contents 
were removed en bloc, fixed, stained, and examined by light 
microscopy. Histologic evidence of arachnoiditis was graded 
using the following scoring system [13]: 0 = no evidence of 
fibrosis; 1 = questionable fibrosis; and 2, 3, or 4 = fibrosis of 
mild, moderate, or severe degree, respectively. Fibrosis in the 
arachnoid, subarachnoid, and subdural spaces were scored 
separately at L5, L6, and L7 and the scores totaled for each ani- 
mal. The maximum possible score was 36. To compare scores of 
different groups of animals, the Wilcoxan rank sum test was 
used. 


Results 


None of the animals had any adverse reactions, such 
as seizures or weakness, attributable to myelography. 
satisfactory subarachnoid placement of contrast was 
achieved in all myelograms, and no blood was noted in 
the cerebrospinal fluid. In seven of eight myelograms. 
satisfactory opacification of the caudal arachnoid sac 
was achieved with dilute meglumine iocarmate. Satisfac- 
tory opacification was attained consistently with the 
standard concentration of meglumine iocarmate. How- 
ever, demonstration of subarachnoid space was not 
considered satisfactory with gas myelography. 

Results of the myelographic and histologic studies are 
summarized in table 1 and illustrated in figures 1 and 2. 
On the terminal myelogram, three animals in group 1 
had questionable abnormalities in one or more lumbar 
axillary pouches (total myelography scores, 1-4). One 
animal in group 1 had a normal terminal myelogram 12 
weeks after the initial gas myelogram. On histologic 
study, slight arachnoid fibrosis was noted in some sec- 
tions in each animal (total histology scores, 2-9). 

Three of the four animals in group 2 developed a 
complete block of the subarachnoid space 12 weeks 
after myelography with the standard concentration of 
meglumine iocarmate. The block was consistent with 
arachnoiditis, and because of it the myelograms could 
not be graded with the usual myelography scoring sys- 
tem. The fourth animal in group 2 had a nearly normal 
terminal myelogram (score, 4). All animals in this group 
had evidence of arachnoiditis on histologic examination. 
In three animals, grade 2-4 fibrosis was present in all 
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TABLE 1 
Arachnoiditis Scores 




















Myelograph Histolo 
Group E^ i Had 
1 (filtered room air): 
RIA T errre naa QU PU ILAUBRAAR 2 2 
AMMA Scenes rule dra 4 4 
Animal S oerna ninaa aae n 0 5 
Animal d. cok ci Wi a ower da ees 1 9 
2 (meglumine iocarmate, 282 mg 
I/ml): 
Animal 1.......... ooa 4 10 
ANIMA E bo ia i eas Ro eu ES B 23 
Animal ee ms B 25 
RIA eras Shes bas dur gua B 27 
3 (meglumine iocarmate, 141 mg 
|/ml): 
Animal T a ee eae ee os 0 4 
Animal € «dss wise cead x danas deme 1 5 
Po, Sa a a a ee ee 1 6 
Animal 4 ..................... 6 13 





Note.—B - block of subarachnoid space consistent with arachnoiditis. No score 
given. 
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sections examined (total scores, 23-27). In one animal, 
grade 1-2 fibrosis was present in most sections (total 
score, 10). 

In group 3 (myelography with dilute meglumine iocar- 
mate), the terminal myelogram revealed a normal arach- 
noid sac and axillary pouches in three animals (total 
scores, 0-1), and questionable blunting of axillary 
pouches or arachnoid sac in lower lumbar levels in one 
animal (total score, 6). On histologic examination, grade 
0-1 fibrosis was present in three animals (total scores, 
4-6). Some grade 1-2 fibrosis was present in one animal 
(total score, 13). 

Differences between the scores in group 2 and those 
in groups 1 or 3 were statistically significant at the .05 
level. Differences between groups 1 and 3 or between 
these groups and previously reported control animals 
were not statistically significant [10-13]. 


Discussion 


The severity of arachnoiditis after meglumine iocar- 
mate myelography was significantly reduced by diluting 


Fig. 1.—Final myelograms in 
three animals. A, No evidence of 
abnormality (total score, 0). B, 
Grade 1 changes in several lumbar 
axillary pouches shown with dilute 
Dimeray (arrows) (total score, 6). C, 
Nearly complete block of subarach- 
noid space below L3-L4 level where 
all lumbar punctures were per- 
formed. 
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Fig. 2.—Histologic sections from three animals. A, No evidence of 
fibrosis in arachnoid (arrows). B, Grade 1 changes in arachnoid, sub- 
arachnoid, and subdural spaces (total score, 13). C, Grade 3 changes in 
arachnoid (arrow) and adjacent spaces (total score, 27). 








the contrast medium. The dilute meglumine iocarmate 
produced the same degree of arachnoiditis as intrathecal 
injections of cerebrospinal fluid or physiologic saline 
[10, 13]. Dilute meglumine iocarmate (141 mg l/ml) is 
safer than Dimeray (282 mg l/ml) for lumbar. myelogra- 
phy. A direct relationship between severity of arachnoid- 
itis and concentration of contrast medium has been 
shown for other aqueous contrast media [12, 13]. 

The optimal concentration of meglumine iocarmate 
for myelography is yet to be determined. Satisfactory 
opacification of the human lumbar subarachnoid space 
may require a concentration of meglumine iocarmate 
greater than 141 mg l/ml. Satisfactory opacification is 
generally possible with aqueous media containing 170- 
200 mg I/ml [13]. Ahlgren [1] obtained excellent myelo- 
graphic results with meglumine iocarmate diluted to 200 
mg l/ml. Experimental primate myelography indicates 
the desirability of diluting meglumine iocarmate for mye- 
lography. 
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Normal Movements of the Cervical Spine 


L. PENNING' 


This paper describes a technique for analyzing movement 
of the cervical spine. The method consists of superimposition 
of two films representing the cervical spine in the end posi- 
tions of the movement under investigation (e.g., flexion and 
extension). From tracings of selected structures, movement 
is represented in the form of movement diagrams. Knowledge 
of cervical spine dynamics is helpful in understanding muscle 
and ligament function as well as the shape of components in 
various postures. 


Introduction 


Movements of the cervical spine may be usefully studied 
by radiologic methods. While visualization of movement 
is best performed using fluoroscopy and cineradiogra- 
phy, detailed analysis of the mechanism of movement 
requires comparison of static pictures of the cervical 
spine in different positions. Exact data on mechanism of 
movement are lacking; in most reports this aspect is 
treated rather imprecisely. 

My method of analysis of movement [1] consists of 
superimposition of two films representing the cervical 
spine in the end positions of the movement under inves- 
tigation (e.g., flexion and extension). In this way, from 
tracings of selected structures, movement may be rep- 
resented in the form of movement diagrams (fig. 1). 
These diagrams serve as a starting point for further 
elaboration of vertebral kinetics and allow determination 
of an axis of movement (fig. 2.). 

Superimposition is also most suitable for measuring 
the degree of mobility between vertebrae (fig. 3.). Previ- 
ous measuring methods, in which lines are drawn on 
both the flexion and extension films and the angles 
formed by them compared on each, are less reliable and 
more time consuming. 


Normal Movements 


For practical purposes the movements of the upper 
and lower cervical spine will be considered individually. 
The upper cervical spine consists of the atlas (C1) and 
the odontoid process of the axis vertebra (C2) with their 
atlantooccipital (CO-C1) and atlantoaxial (C1-C2) con- 
nections, which include joints and ligaments but no 
discs. Their structure is different from that of the lower 
cervical connections C2-C3 through C6-C7, which all 
have a similar type of anatomy including intervertebral 
discs and uncovertebral joints. The lower cervical spine 
reaches into the upper cervical region by means of the 
odontoid process and is directly connected to the occi- 
put with strong occipitoodontoid ligaments (fig. 4.). The 
atlas may be considered as an interposed bearing be- 
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tween the lower cervical spine and occipital condyles, 
guiding and limiting the movement between C2 and the 
occiput. 

A posterior view of the muscles of the cervical spine 
shows that the spinous process of C2 takes a central 
position with muscles radiating in all directions. The 
muscles of the upper cervical region at C2 and above 
have individual specialized arrangement, as opposed to 
the lower cervical region where the muscles are coherent 
or interwoven (fig. 5). This explains why the lower cervi- 
cal spine functions as a unit, every muscle activating 
several segments, while the upper cervical spine may 
carry out specific movements in one segment (e.g., 
rotation at C1-C2). 


Upper Cervical Spine 


The movements of the upper cervical spine are shown 
individually in figures 6-9. The essential movement takes 
place between the occiput and C2 but is regulated by 
the atlas. In flexion-extension the position of the atlas is 
relatively independent of the actual relationship between 
occiput and C2. Theoretically C2 may move within C1 
without C1 moving with respect to the occiput, or C1 
may move with respect to the occiput keeping its posi- 
tion with regard to C2 constant. In practice, in any 
position of the craniocervical junction the posterior at- 
lantal arch may be found somewhere between occiput 
and spinous process of C2, and not necessarily halfway 
between. 

For example, in flexion of the cervical spine as a 
whole, the posterior atlantal arch sometimes is found 
nearer to the occiput than in extension. The occipitoo- 
dontoid ligaments are shown maximally stretched in 
figure 7B; in this position they bring C1 into flexion with 
respect to the occiput. In all flexion-extension positions 
with the posterior arch of C1 midway between occiput 
and C2, the alar ligaments have an average length. The 
ligaments are relaxed in figure 7A. Note that in this 
position the distance between odontoid and anterior rim 
of the foramen magnum (“basion”) is minimal. 

In lateral bending the atlas has a rigidly prescribed 
position in any position of the CO-C2 junction. This is 
due to the peculiar shape of the lateral masses of the 
atlas as seen in anteroposterior projection (i.e., wedges 
interposed between occipital condyles and lateral 
masses of C2.) During movement the odontoid must 
remain midway between the occipital condyles due to 
its fixation by the alar ligaments (fig. 8). Thus lateral 
bending in the atlantooccipital segment is always com- 
bined with lateral bending in the atlantoaxial segment 
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Fig. 1.—Construction of movement diagram. A and B, Lateral projec- 
tions of C2-C4 in flexion (dashed lines) an extension (solid lines). C, 
Superimposition of A and B; images of C3 are made to match exactly. 
C2 and C4 are "moving" vertebrae, while C3 is "fixed." 1 = axis of 
movement at C2-C3, 2 = axis of movement at C3-C4. Similar movement 
diagram at C3-C4 with C3 as "moving" vertebra can be derived from A 
and B by making images of C4 match exactly. 





A 


Fig. 2.—Construction of axis of movement. A, Identical landmarks of 
"moving" vertebra are connected by lines; perpendicular lines con- 
structed from their midpoints converge on axis of movement. It is 
assumed that only one axis exists for each movement and that it is 
always located at same site. Intermediate postures might indicate shift 
in axis location; thus diagrams at extremes of motion are approxima- 
tions. B, Movement diagram at C3-C4. Lower vertebra is presumed 
fixed, upper "moving." Contours of intervertebral joints are parts of 
circles with axis of movement as center. Same is true for inferior border 
of upper vertebral body. In practice, exact site of axis of movement is 
determined as follows. Two vertebrae (e.g., C4 on both films) are 
superimposed and site of axis of movement with next vertebra (e.g., C3) 
estimated by imaginary construction of lines indicated above. Sharp 
needle is then pierced through both films at this site and the upper film 
rotated until next vertebrae (e.g., C3) are superimposed. If exact super- 
imposition is possible, then axis of movement has been estimated at 
right site. 


and vice versa. Lateral bending is facilitated by simulta- 
neous atlantoaxial rotation, as will be explained below. 

Rotation is a complicated movement to study radiolog- 
ically. Radiographs of maximal rotation of CO-C2 (as 
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Fig. 3.—Determination of mobility in various mobile cervical seg- 
ments. A, Larger film with cervical spine in flexion is covered by smaller 
film with cervical spine in extension. After exact superimposition of 
images of vertebral body and spinous process of C7, line is drawn along 
one edge of overlying film on underlying film. This process is repeated 
for C6 and second line drawn, and so on. B, Angle between first two 
lines indicates range of movement between C7 and C6. 


seen in lateral bending of the cervical spine with the 
head in strict anteroposterior position; see fig. 12) show 
that the odontoid leaves its position midway between 
the occipital condyles and moves in the direction of the 
right condyle in lateral bending to the right. This corre- 
sponds with rotation of C2 to the right with respect to 
the body, or rotation of the head to the left with respect 
to C2. This has been stressed previously by anatomists 
of the 19th and early 20th century [2, 3] and can be 
attributed to the more posteriorly placed insertion of the 
alar ligaments on the odontoid (fig. 4). The shift of the 
odontoid thus has a wheeling character, its posterior 
position remaining in situ on the alar ligaments and the 
axis of rotational movement being found here (fig. 9C). 

Rotational movement between occiput and atlas, if 
possible at all, is so small that it is virtually impossible 
to measure radiologically. Practically, rotation takes 
place only in the C1-C2 segment. It is always combined 
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í lig.cruciatum 
lig. apicis dentis 
zzz lig alare 
Fig. 4.—Geometric representation of upper cervical region in lateral 
(A), anteroposterior (B), and vertical projection with C2 only (C). Apical 


dental ligament, alar ligament, and cruciate ligament (its transverse part 
known as transverse ligament) are indicated. 











Fig. 5.— Posterior aspect of cervical spine with some muscles. View 
demonstrates the central position of spinous process of axis between 
upper and lower cervical spine. Muscles to latter part are more coherent 
and less individual than muscles diverging to atlas and occiput. 


with some lateral bending. This is understandable be- 
cause, due to the shift of the odontoid in a lateral 
direction, the atlas likewise tends to be carried in a 
lateral direction, which involves lateral bending. In our 
example of rotation of the head and C1 to the left and 
shift of the odontoid to the right, the CO-C2 segment is 
laterally bent to the right (fig. 9). Conversely, lateral 








Fig. 6.—Flexion-extension movement of upper cervical spine. A, 
Movement diagram of CO-C1 with occiput in fixed position and atlas in 
flexion (dashed line) and extension (solid line). Axis of movement is 
center of circles passing through congruent joint surfaces of atlantooc- 
cipital joints. B, Movement diagram of C1-C2 with atlas in fixed position 
and C2 in flexion (dashed line) and extension (solid line). Axis of 
movement passes through odontoid process. Its location is not deter- 
mined by joint spaces as in CO-C1 segment, but by fibroosseous ring of 
anterior atlantal arch and transverse ligament. Lateral joints at C1-C2 
are not limiting factors because joint surfaces are not congruent. This is 
necessary to allow rotation at C1-C2. C, Movement diagram of CO-C2 
with occiput fixed. Odontoid remains in rather close relationship with 
anterior rim of foramen magnum and basiocciput due to alar ligaments, 
vertical part of cruciate ligament, and apical dental ligament. Position of 
atlas in flexion (dashed lines) is taken as average; it may remain more 
closely to occiput or to C2 (see fig. 7). 


bending of CO-C2 to the right (fig. 8) is facilitated by 
rotation of C1-C2 to the left (the head and C1 to the left 
with respect to C2 or C2 to the right with respect to C1 
and the head; see fig. 12). 


Lower Cervical Spine 


In the lower cervical spine, all five mobile connections 
C2-C3 through C6-C7 show the same type of movement. 
The mechanism in flexion-extension is shown in figure 
10. Mobility is maximal in the C5-C6 segment and mini- 
mal in the C2-C3 segment. Separate movements of 
individual segments are not possible. However, in certain 
movements of the head, the lower part may show flexion 
and the upper part extension (fig. 11), and vice versa. 

All segments show a large spread of normal values 
(table 1). In combined flexion-extension movement of 
C0-C2, the atlantooccipital and atlantoaxial components 
vary. The greatest mobility measured for CO-C1 was 30°; 
for C1-C2, 35°; and for CO-C2, 45°. In the lower cervical 
spine, mobility of C2-C3 is the smallest. Children do 
have greater mobility than adults, especially at the C2- 
C3 level where values up to 23° have been measured [4]. 
Other values in children include: C3-C4 and C4-C5, 38^; 
C5-C6, 34°; and C6-C7, 29° [4]. 

Lateral bending and rotation of the lower cervical 
spine are always combined. Lateral bending is shown 
in figure 12. Typical in lateral bending is the persisting 
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Fig. 7.— Forward and backward movement of C2 with respect to 
head. A, By forward movement of C2 with respect to head, posterior arch 
of C1 moves downward. B, By backward movement of C2 posterior arch 
of C1 moves upward. C, Extended position of upper cervical spine. 
Position is reached from A by extending CO-C1 and keeping C1-C2 
immobile; from B by extending C1-C2 and keeping CO-C1 immobile. 
This demonstrates relative independence of movements in CO-C1 and 
C1-C2 segments. D, Neutral position of upper cervical spine with poste- 
rior arch of C1 midway between occiput and C2. Alar ligaments have 
about same length as in C. In A they are shortest (relaxed) and in B, 
longest (stretched). 


vertical alignment of the spinous processes while the 
vertebral bodies are forming a scoliotic curve. 

Maximal rotation of the cervical spine is shown in 
figure 13. In the lower cervical region the picture is 
essentially the same as in maximal lateral bending (fig. 
12). In the atlantoaxial joints, however, rotation has 
taken place in the same direction. The main difference 
between maximal lateral bending and maximal rotation 
is the position of the atlantoaxial joints. In lateral bend- 
ing they are rotated in the opposite direction, in rotated 
position in the same direction. 

The interdependency of lateral bending and rotation 
in the lower cervical spine is explained by the oblique 
position of the intervertebral joints (fig. 14). The move- 
ment of an articular facet can be resolved in two direc- 
tions: in flexion upward and forward, and in extension 
downward and backward. Lateral bending is a combina- 
tion of upward movement on one side and downward 
movement on the other; this automatically involves for- 
ward movement on one side and backward movement 
on the other, which is rotation. Thus lateral bending to 
the right is coupled with rotation to the right (C2 rotated 
to the right with respect to C7), and vice versa. 


Applications 


Knowledge of the mechanism of movement of the 
cervical spine has many applications. It is beyond the 
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Fig. 8.—Lateral bending of upper cervical spine. A, Movement dia- 
gram of CO-C1 with occiput in fixed position and atlas in lateral bending 
to right (solid line) and to left (dashed line). Axis of movement is rather 
distant due to long radius of arc of motion. B, Movement diagram of C1- 
C2 with C2 in fixed position and atlas in lateral bending to right (solid 
line) and to left (dashed line). Axis of movement passes through lower 
cervical spine. C, Movement diagram of C0-C2 with occiput fixed. Tip of 
odontoid is fixed to occiput by alar ligaments and acts as center of 
rotation. Movement of atlas is guided by axes C1-C2 and C0-C2. Solid 
lines — lateral bending of CO-C2 to right; atlas has moved to right. 
Dashed lines = lateral bending to left. Obliquus capitis inferior muscle is 
projected in both positions. In lateral bending to right it is 10% shorter 
and thus contributes to movement. 


scope of this paper to discuss them all, but some 
examples may be given. To facilitate the study of these 
applications, paper or plastic models of the cervical 
spine in several projections may be constructed with the 
help of the templates in the Appendix. 


Function of Muscles 


The function of a muscle for a certain movement is 
determined by its course with respect to the axis of 
movement. If this course is in the direction of the axis, 
function is minimal. (A wheel cannot be turned by pulling 
at the center of its axle.) If this course is tangential to 
the axis, its function is maximal. 

As an example, the upper cervical spine with its six 
most important muscles is presented in figure 15. Each 
muscle is drawn in the same projections as the vertebrae. 
Flexion and extension, lateral bending, and rotation are 
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Fig. 9.— Rotation of upper cervical spine. A, Anteroposterior projec- 
tion showing lateral movement of odontoid during rotation of axis. If 
C2 rotates to right (spinous process to left; 4, so/id lines), odontoid (1) 


moves in direction of right occipital condyle, and vice versa [spinous - 


process to right (3), odontoid to left (2), dashed lines]. B, Same 
diagram as A but with atlas in situ. Due to shift of odontoid atlas also 
moves laterally, thereby causing lateral bending of CO-C2. On rota- 
tion of C2 to right, odontoid moves right causing some lateral bending to 
right. As in any position of odontoid, some lateral bending is still pos- 
sible; rotation and lateral bending are only relatively interdependent. 
C, Vertical projection of B. 5 — lines of projection of odontoid in rota- 
tion of C2 to right; 6 = lines of projection in rotation to left. Movements of 
odontoid in anteroposterior projection can be explained by locating 
axis of rotation just behind odontoid in cruciate (transverse) ligament. 
Note that spinal canal is not narrowed in its posterior part; posterior wall 
of spinal canal in atlas and C2 is part of circle with axis of rotation as 
center. 


studied in the lateral, anteroposterior, and vertical pro- 
jections, respectively. In each projection the axes of 
movement are given: in the lateral projection for CO-C1 
and C1-C2; in the anteroposterior projection for CO-C2; 
and in the vertical projection for C1-C2. Every muscle 
theoretically may contribute to all three main movements 
to a greater or lesser degree; its relative contribution to 
each of these movements is studied in each of the three 
projections. 

From the example we can derive that muscle 3 (obli- 
quus capitis superior) markedly contributes to extension 
at CO-C1 but not at all to extension at C1-C2 (fig. 15A). 
There is no significant contribution to lateral bending at 
C0-C1 since the muscle in this projection more or less 
courses in the direction of the axis of lateral bending at 
CO-C1 (see fig. 8A). Theoretically it could very well 





Fig. 10. —Flexion (dashed lines) and extension (solid lines) of cervical 
spine as whole. Axes of movement are indicated. In extension, spinous 
processes are close together; in flexion they are separated. Since axes 
of movement are located anterior to spinal canal, canal is longer in 
flexion than in extension with corresponding elongation of spinal cord 
during flexion. 


rotate the atlas with respect to the occiput (fig. 15C), 
but this movement is impossible due to the morphology 
of the atlantooccipital joints. Thus muscle 3 solely ex- 
tends the atlantooccipital connection. Table 2 lists the 
names and functions of the other muscles studied. 


Pseudosubluxation of C2-C3 


Step formation between the posterior borders of C2 
and C3 in normal children is known as pseudosubluxa- 
tion (for review article, see [5]). This can be explained by 
the position of the axis of movement at C2-C3 in the 
body of C2, which is farther away from the intervertebral 
disc C2-C3 than the axis of, say, C5-C6 in the body of 
C5 is from the intervertebral disc C5-C6 (see fig. 10). 
The same angular movement causes a greater linear 
displacement (i.e., more pronounced step formation of 
C2 with respect to C3 than of C5 with respect to C6; fig. 
16). 

Such pseudosubluxation is more pronounced in chil- 
dren than adults since the range of motion of C2-C3 is 
greater [4]. Moreover, the C2-C3 segment and cervical 
spine as a whole may assume a flexed (kyphotic) position 
without the head being flexed with respect to the body. 
Such flexion is seen in the supine position with the neck 
sagging, or in spastic torticollis with kyphotic reversion 
of the normal curvature. In such a flexed position of the 
neck in children, pronounced step formation at C2-C3 
is a physiologic phenomenon and not a sign of subluxa- 
tion. 
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Fig. 11. —Forward and backward movement of cervical spine without 
flexion or extension of head. During forward movement upper cervical 
spine goes into extension, lower cervical spine into flexion. During 
backward movement flexion of upper cervical spine occurs and exten- 
sion of lower cervical spine. Such movements may explain why in 
certain cases of neck trauma hyperflexion injury of lower cervical spine 
(e.g., bilateral interlocking) is combined with hyperextension injury of 
upper cervical spine (e.g., fracture of posterior arch of atlas). 


TABLE 1 
Mobility of Cervical Spine in Young Adults 


Flexion-Extension* Bending Rotation 
Right to Right to 
Average Range Leftt Leftt 

Occiput-C1....... 30 25-45 | 10 None 
LISGE ee Pn 30 25-45 70 
G2=CS issus 12 5-16 
DIE os Sc connie oars 18 13-26 
DEL re 20 15-29 70 70 
GDO a ee 20 16-29 
DOE ae ee 15 6-25 


Note.— Data shown in degrees. Lateral bending and rotation of the lower cervical 
spine (C2-C3 through C6-C7) are always combined. 

* Values from measurement of 20 healthy young adults. 

t Average values from measurements of five healthy young adults. 

t Mobility estimated from radiographs with cervical spine maximally rotated; exact 
measurements in plane of rotation are virtually impossible. 


Length of Spinal Canal 


The spinal canal is longer in flexion than in extension 
(fig. 10). This is because the axes of movement lie 
anteriorly to the spinal canal. In the example in figure 10 
the anterior border of the spinal canal CO-C7 (along the 
posterior surfaces of the vertebral bodies) increases 
from extension to flexion by about 1096 and the posterior 
border (along the inner side of the posterior arches) 
about 5596. The spinal cord and nerve roots have to 
follow these significant functional deformations, which 
have been anatomically studied [6, 7]. 


Function of Flaval and Other Ligaments 


The distance between the spinous processes in flexion 
is much larger than in extension. If it is assumed that 





Fig. 12.— Lateral bending of cervical spine to right (solid lines) and 
to left (dashed lines) without rotation of head. Persisting vertical align- 
ment of spinous processes is typical. Deviation of spinous process 
from midline of vertebral body indicates degree of rotation is maximal 
at C2, with spine showing increasing rotation from C7 upward. Head 
and atlas are kept in straight anteroposterior position by compensatory 
counterrotation in atlantoaxial segment. Counterrotation is attended by 
some lateral bending into same direction as that of lower cervical spine; 
counterlateral bending is not possible. 





Fig. 13. — Maximal rotation of cervical spine and head to right (solid 
line) and to left (dashed lines). First thoracic vertebra is kept strictly 
anteroposterior. Rotation is built up gradually from C7 upward to axis. 
Atlas contributes with further 35'. No rotation takes place between 
atlas and head. 


the flaval ligaments run from the upper border of the 
arch of one vertebra to the upper border of the arch of 
the next, measurement in figure 10 shows that the flaval 
ligaments have to decrease from flexion to extension by 
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Fig. 14. —Interdependency of lateral bending and rotation of lower 
cervical spine. A, Due to oblique position of intervertebral joint spaces 
(dashed line), articular facet has to move obliquely upward and down- 
ward. These movements can be resolved into horizontal and vertical 
components (B). Movement obliquely upward is combination of move- 
ment forward (solid line) and upward (dashed line). Reverse is true 
for movement obliquely downward. In lateral bending one articular 
facet moves obliquely upward, contralateral facet moves obliquely 
downward. Resolution of these movements results in horizontal move- 
ment with one facet forward and contralateral backward (rotation, solid 
line) and vertical movement with one facet upward and other down- 
ward (lateral bending, dashed line). 


about 4096. This explains why these ligaments, in order 
not to fold during extension with consequent endanger- 
ing of the spinal cord, are so extremely elastic. The 
function of the alar ligaments in flexion-extension of the 
cervical spine is demonstrated in figure 7. 


Shape of Intervertebral Disc and Joints 


Figure 2 shows that the intervertebral joints spaces in 
the lateral projection coincide with a circle having the 
axis of movement as center point. This coincidence is 
not perfect, but the diagram at least suggests that the 
shape of the joints is a determining factor for the site of 
the axis of movement. The diagram also shows a com- 
parable coincidence of the inferior endplate of the upper 
vertebral body with a circle having the axis as center 
point. Examination of the vertebral column of giraffes 
indicates tnat these mammals do have real diarthrotic 
joints at this site, the disc being transformed into the 
articular head of the lower vertebral body articulating in 
the cavity on the lower surface of the upper vertebral 
body. 


Uncarthrosis 


The first radiologic manifestation of wear and tear 
occurs at the uncovertebral joints and is known as 
uncarthrosis. Due to the position of the axis below the 
vertebral disc, flexion-extension movement involves sig- 
nificant gliding between vertebral bodies with conse- 
quent functional deformities of the intervertebral disc. 
These deformities are maximal at the uncovertebral junc- 
tion because: (1) the distance between vertebral bodies 
is minimal due to the upright position of the uncinate 
processes; and (2) the distance to the axis of movement 
is maximal. Wear and tear at the uncovertebral junction 
is promoted by desiccation of the disc due to aging and, 
as arule, starts at the C5-C6 segment where the average 
mobility is greatest. 


Functional Deformation of Vertebral Arteries 


Since the vertebral arteries course through the costo- 
transverse foramina of the cervical spine, they follow its 
movements. Flexion-extension does not involve defor- 
mation of the vertebral arteries because they pass near 
the axes of movement (fig. 17A). The loop of the vertebral 
artery between the costotransverse foramen of C1 (fig. 
17B) and its passage through the dura between C1 and 
occiput is part of the anatomy of C1 and does not 
change its form during movement. This loop between 
occiput and C1 is not required to adapt to mobility and 
may perhaps be regarded as a device for damping strong 
pulse waves, comparable to the carotis syphon (Dorfler 
and Spatz, 1935, cited in [8]). 

Conversely, the loop of the vertebral artery between 
the costotransverse foramina of C1 and C2 is stretched 
during rotation at C1-C2 as explained in figures 17B 
and 17C. This loop thus has to be considered as over- 
length compensating for the significant rotational mobil- 
ity of the upper cervical spine. As the axes for lateral 
bending are in the sagittal plane, this movement implies 
lengthening of the vertebral artery on the side opposite 
the direction of lateral bending. In lateral flexion and 
rotation of the lower cervical spine to the right, the left 
vertebral artery is elongated. As a rule appropriate over- 
length between the costotransverse foramina is present 
except in children and young adults where arterial elas- 
ticity compensates for the functional deformities. The 
overlength C1-C2 not only compensates for rotation but 
also for lateral flexion. 


Mobility in Occipitalization of Atlas 


In occipitalization of the atlas [9], movement between 
occiput and C1 is abolished. This interferes with the 
movements of C1-C2 since the atlas no longer functions 
as an interposed bearing between occiput and C2. Flex- 
ion-extension of C1-C2 is possible, but in maximal flex- 
ion there is maximal stress on the occipitoodontoid 
ligaments, since they are longest in this position. Lateral 
bending of C1-C2 has become virtually impossible since 
it normally involves some degree of lateral bending 
between occiput and atlas. Any attempt at lateral bend- 
ing will be met by stretching of the ipsilateral alar 
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Fig. 15.-Geometric representation of six muscles of upper 
cervical region. Names of muscles are listed in table 2. Muscle 
function for certain movement is maximal if muscle is directed 
tangentially with respect to axis for this movement: muscles 3 and 
4 for extension at CO-C1 (A); muscle 1, 2, 5, and 6 for lateral 
bending (B); and muscle 6 for rotation (C). Muscle function is 
minimal if muscle is directed radially with respect to axis for 
this movement: muscle 6 for flexion or extension C1-C2 (A); 
muscles 3 and 4 for lateral bending at CO-C1 (B); and muscle 5 for 
rotation (C). In all movements muscles of both sides act, but 
sometimes in same direction, sometimes antagonistically. For ex- 
ample, in extension, muscles 5 and 6 of both sides have same 
function; in lateral bending their function is antagonistic. Lateral 
bending to right is effected by right-sided muscles 5 and 2 and 
left-sided muscles 6 and 1, and so on. 


TABLE 2 
Function of Muscles of Upper Cervical Joints 


Lateral Bend- 


Mus Muscle Name Seg-  Flex- Ex- ing 
cie (Left Side) ment ion |= OO 
No. sion 


Right Left Right 
1...Rectus capitis 


anterior CO-C1 + — + — 
2...Rectus capitis 

lateralis CO-C1 - - i + 
3... Obliquus capi- 

tis superior CO-C1 — B — — 
4...Rectus capitis 

posterior 

minor CO-C1 - + 2i see 
5...Rectus capitis 

posterior 

major CO-C2 = + - + = 
6... Obliquus capi- 

tis inferior Ci-C2 - - + - — 


Rotation 


Left 





ligament. Rotation of C1-C2 is possible, but normally it 
is combined with some lateral bending. Like the other 
movements of C1-C2, it will exert abnormal stress on 
the occipitoodontoid ligaments with overstretching and, 
in the end, atlantoaxial luxation which is often found in 
later life in this type of anomaly. 
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Fig. 16. —Pseudosubluxation at C2-C3. A, Movement diagram of C2- 
C3. Dashed line — posteroinferior border of body of C2 in midposition; 
solid line — body of C2 in flexed position with regard to body of C3. 
Angular movement of 12° from midposition to flexion results in signifi- 
cant gliding movement between vertebral bodies in marked step forma- 
tion along posterior borders of bodies of C2 and C3 in flexion. B, Move- 
ment diagram of C5-C6. Dashed line — posteroinferior border of body of 
C5 in midposition; solid line — body of C5 in flexed position with regard 
to body of C6. Same angular movement of 12° causes less gliding move- 
ment and hence less step formation along posterior borders of bodies 
of C5 and C6 in flexion. 
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Fig. 17.—Functional deformation 
of vertebral artery. A, Lateral projec- 
tion of cervical spine and vertebral 
artery. Artery passes near axes of 
movement; consequently length of 
artery in this projection does not 
change during flexion and exten- 
sion. B and C, Lateral and vertical 
projection of upper cervical spine 
and C2, respectively, in neutral 
(solid lines) and rotated (dashed 
lines) position of C2. 1 = costotrans- 
verse foramen of C1; 2 and 3 = 
segment of vertebral artery between 
C1 and C2 in neutral and rotated 
position of C1-C2; 4 — costotrans- 
verse foramen of C2 in neutral posi- 
tion; 5 = costotransverse foramen 
of C2 in rotated position; 6 = loop 
of vertebral artery belonging to at- 
las. Note that overlength of C1-C2 
segment in neutral position is used 
up in rotation. 
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Fig. A1.— Templates for movable cervical spine in lateral projection (A), movable upper cervical spine in anteroposterior projection (B), and 
movable atlas and axis in vertical projection (C). A, Cutout contains lateral projections of occiput and seven cervical vertebrae in lateral projection, 
with axes of movement indicated. After template has been affixed to cardboard or plastic, vertebrae are cut out and made to articulate by 
superimposing sites of axes, perforating them, and inserting pin. Figure 10 may help in construction. B, Construction follows same procedure as 
above. Figure 8 may help. C, Posterior borders of vertebral canal of atlas and axis are more or less part of circle with axis of movement as center 
point. This explains why spinal cord is not endangered during rotation. 





Gross Hematuria: A Complication of Intrapelvic Cement Intrusion in Total 
Hip Replacement 


ADAM GREENSPAN' AND ALEX NORMAN' 


Four patients with gross hematuria and dysuria following 
intrusion of methyImethacrylate into the pelvic cavity after 
total hip replacement are described. This is a rare, benign 
complication which generally occurs 7-14 days after surgery 
and subsides promptly with symptomatic treatment. The di- 
agnosis can be made on a simple radiograph of the pelvis 
which shows the radiopaque cement as a mass intruding 
within the pelvic cavity. On the urogram it frequently abuts 
against or produces an extrinsic impression on the urinary 
bladder. This complication is very likely a result of the exo- 
thermal reaction during polymerization of the methylmethacry- 
late. 


Frequently encountered complications of total hip re- 
placement include thrombophlebitis and thromboem- 
bolic phenomena, infection, hematoma and seroma, 
loosening of the prosthesis, heterotopic bone formation, 
and peripheral nerve palsy [1-6]. Although there are 
reports of gross hematuria following total hip arthro- 
plasty [1, 2], none implicate the cement as a causative 
factor. This paper describes four cases of dysuria and 
gross hematuria after low friction arthroplasty which 
were attributed to intrapelvic leak of acrylic cement. 


Case Reports 
Case 1 


V. B. (no. 70-10592), a 58-year-old female, was admitted with 
pain in the left hip. Ten years prior to admission, rheumatoid 
arthritis was diagnosed. The severity of complaints warranted a 
low friction (Charnley) arthroplasty of the hip. The patient 
developed gross hematuria 2 weeks after surgery. Intravenous 
urography (fig. 1) showed an extrinsic pressure defect from a 
mass of acrylic cement on the left side of the urinary bladder. 
Cystoscopy revealed a focal area of mucosal edema which was 
considered the bleeding site. The symptoms were relieved by 
conservative treatment. 


Case 2 


U. G. (no. 21-1958), a 46-year-old female, was admitted 
because of pain and loosening of the right hip prosthesis. Two 
years prior to admission, the patient had undergone Charnley- 
Mueller low friction arthroplasty for a painful osteoarthritis 
which was secondary to congenital hip dislocation. Dysuria 
and gross hematuria developed 8 days after that surgery. 
Radiography of the pelvis and intravenous urography showed a 
large mass of acrylic cement which produced an extrinsic 
pressure defect on the urinary bladder (fig. 2A). The hematuria 
was considered to be secondary to the cement intrusion. 

At the second operation, a loop of colon was adherent to the 
cement mass and had to be peeled away. However, the surgical 
note contained no comment about the status of the urinary 
bladder. The acetabular component was recemented and a 
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pelvic graft was inserted to reinforce the acetabular wall (fig. 
2B). The postoperative course was uneventful. 


Case 3 


S. S. (no. 74-6074), a 66-year-old female, was admitted with 
severe pain in the right hip and difficulty in walking. Radiogra- 
phy of the pelvis revealed advanced (stage lll) degenerative 
arthritis of the hip joint. A total hip replacement was performed. 
The patient developed mild dysuria and gross hematuria 10 
days later. A cystogram showed a large mass of cement within 
the pelvic cavity abutting against the lateral wall of the urinary 
bladder. The symptoms subsided on the third day and did not 
recur. The patient was discharged in satisfactory health and 
had no urinary symptoms when last seen 2 years after surgery. 


Case 4 


J. B. (no. 74-5528), a 61-year-old male, was admitted with a 
20 year history of bilateral hip pain. The discomfort progressed 
to the point where the patient was unable to walk. A Charnley 
low friction arthroplasty was performed on the left side and the 
patient made an uneventful recovery. He was readmitted 2 years 
later for surgery on the right hip. On postoperative day 7, he 
developed mild dysuria and hematuria (microscopic). Radiog- 
raphy showed an intrusion of methylmethacrylate cement into 
the pelvic cavity in the region of the urinary bladder. All 
symptoms subsided quickly (2 days). 


Discussion 


Charnley was aware of tissue necrosis from the heat 
of polymerization of the methylmethacrylate. To avoid 
visceral complications, he applied a wire mesh "high- 
hat" about the acetabular anchoring hole to prevent the 
intrapelvic escape of the cement. The temperature gen- 
erated during self-curing of the acrylic has been esti- 
mated in human surgery to rise to 80°-90° C. Charnley 
mentioned that the heat of crystalization may even cause 
darkening of blood on the exposed surface of the cement 
[7]. 

The exothermal reaction during polymerization is more 
intense on the surface of the plastic hip socket, which Is 
a poorer dissipater of heat than the surface of the 
metallic femoral component. Hence, there is a greater 
chance of vascular, nerve, and visceral damage around 
the pelvic implant. 

Although many complications have been reported, 
such as mechanical failure of the prosthesis [4, 5, 8]. 
vascular damage [9, 10], nerve entrapment, and visceral 
necrosis [11], the only genitourinary problems men- 
tioned in the literature are urinary retention and infec- 
tion, hematuria secondary to anticoagulant therapy, and 
bladder fistula [1, 2, 12, 13]. Eftekhar et al. [4] reported 
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urinary retention in 35% of 800 total hip procedures as 
the most frequent complication, but second in frequency 
was urinary infection (18%). Neither of these symptoms 
was attributed to the thermal reaction during curing of 
the acrylic cement. 

Hematuria, on the other hand, may very well be a 
complication of the heat of crystalization of the methyl- 
methacrylate. In our experience it occurred only four 
times in 2,000 hip arthroplasties. It is speculated that 
the sudden rise in ambient heat in the pelvic tissues 





Fig. 1.— Case 1. Intravenous uro- 
gram showing localized impression 
on urinary bladder from intrapelvic 
leak of acrylic cement. Note ad- 
vanced rheumatoid arthritis of right 
hip. 


Fig. 2.— Case 2. A, Intravenous 
urogram showing large mass of ce- 
ment compressing right wall of uri- 
nary bladder. Radiolucent line about 
acetabular component indicates 
loosening of prosthesis. B, Radio- 
graph after resection of cement 
mass showing pelvic graft (arrows) 
which was placed to reinforce ace- 
tabular wall. 


adjacent to the cement leads to an inflammatory reaction 
which results in mucosal edema, necrosis, and bleeding. 
Characteristically, this occurs 7-14 days after surgery. 
Other pelvic organs have been affected by the cement. 
Switzer et al. [14] described a patient who developed 
abdominal cramps and bloody diarrhea 5 weeks after 
surgery. A filling defect in the sigmoid colon was de- 
tected on barium enema. The patient's symptoms sub- 
sided, and reexamination no longer showed the colon 
abnormality. The authors hypothesized that the defect 














GROSS HEMATURIA AFTER TOTAL HIP REPLACEMENT 


was due to hemorrhage and edema "associated with 
placement of the cement for securing the acetabular 
component of the prosthesis. ..." 

Evanski et al. [15] reported an unusual complication 
of dyspareunia. At surgery, the vagina and urinary blad- 
der were found to be displaced medially and adherent to 
the cement mass. The excess cement was excised and 
the patient's symptoms disappeared. There are reports 
of sciatic nerve and femoral artery damage which are 
also thought to result from tissue necrosis due to the 
heat of polymerization [9, 11]. Jaffe (personal communi- 
cation) described a female with a large pelvic tumor 
which proved to be a “pseudotumor” of the acrylic 
cement. 

Opacification of the methylmethacrylate with barium 
sulphate is the simplest way to visualize the extent of 
the intrapelvic intrusion of the cement. If the cement is 
not opacified, there can be a problem in diagnosis. The 
clinician should be alerted to this rare complication of 
total hip replacement and advised that these urinary 
complaints are benign and require only symptomatic 
treatment. The clinical workup should be brief, and if 
urography demonstrates the relationship of methacrylate 
and bladder, the patient can be spared invasive studies 
such as cystoscopy and arteriography. 
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Bone Scintigraphy in Hereditary Multiple Exostoses 


DAVID A. EPSTEIN? AND EMANUEL J. LEVIN' 


Two adult patients with multiple hereditary exostoses, a 
skeletal disorder with recognized malignant potential, each 
demonstrated increased ??"Tc diphosphonate uptake in an ex- 
ostosis in which renewed growth had begun. None of the 
other multiple exostoses in either patient showed abnormal 
uptake. Histologic study of the lesions demonstrated chondro- 
sarcoma in one case and benign osteochondroma in the 
second. Although bone scintigraphy nonspecifically identifies 
bone growth rather than malignant degeneration, it is more 
useful than radiographic bone survey in the periodic surveil- 
lance of adult patients with this disorder. 


Introduction 


Hereditary multiple exostoses, or diaphyseal aclasis, is a 
bone dysplasia in which osteocartilaginous exostoses 
(or osteochondromata, as they are frequently called) 
appear on bones preformed in cartilage. The disorder is 
found more frequently in males than in females and can 
be transmitted through either parent. The exostoses 
usually develop in childhood and cause modeling de- 
formities in the metaphyses of the affected bones. 
Growth of an exostosis usually ceases when the nearest 
epiphyseal center fuses [1, 2]. 

Malignant degeneration of an exostosis to a chondro- 
sarcoma is known to occur, though the frequency of 
such a complication remains in question. Jaffe [1] re- 
ported two small series in which malignancy occurred in 
11% and nearly 20%, respectively. The onset of rapid 
growth in an exostosis is considered an ominous sign 
and an indication for surgical removal [3]. 

Since growth of an exostosis may become noticeable 
only after it causes soft tissue deformity, the localization 
of bone-seeking radionuclides in areas of active bone 
growth might be expected to prove useful in the early 
identification of suspicious lesions. This paper describes 
two patients with hereditary multiple exostoses in whom 
the onset of growth in a single exostosis occurred after 
fusion of the nearest epiphyseal center and was accom- 
panied by increased uptake of °™Tc diphosphonate, 
suggesting the utility of periodic scintigraphy in follow- 
ing adult patients with this disease. 


Case Reports 
Case 1 


A 27-year-old female was admitted for removal of a mass on 
the left anterior chest wall. A small lump had been present near 
the sternum since childhood, and slow increase in size had 
been noted over the last few years with more rapid growth 
occurring during the last few months. The mass was painless 
but tender to pressure. Other painless masses had been present 
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for many years over both wrists, the right chest wall, and the 
right knee, but none had exhibited recent growth. Two of eight 
siblings and one cousin were known to have similar growths, 
but neither of the patient’s two children was affected. 

Physical examination demonstrated a well defined, nonten- 
der, lobulated swelling of bony hard consistency fixed to the 
left lateral border of the sternum and to the left anterior second, 
third, and fourth ribs. Masses were also palpated in the wrists, 
right knee, and right lower ribs. Laboratory values were normal. 

Radiographic examination demonstrated a calcified osteo- 
chondromatous exostosis 2.5 cm in diameter to the left of the 
sternum (fig. 1A). Small bony protuberances were noted on the 
left radius and ulna. The femoral necks were minimally de- 
formed, and the metaphyseal regions of the bones around the 
knee demonstrated multiple sessile and pedunculated osteo- 
chondromatous exostoses. 

Bone scintigraphy was performed with ??"Tc diphosphonate 
and demonstrated a focal area of increased radionuclide uptake 
to the left of the sternum, corresponding to the palpated mass 
(fig. 1B). None of the other exostoses seen on the radiographs 
exhibited abnormal diphosphonate uptake. 

At surgery, en bloc removal of the tumor, the adjacent ster- 
num, and the anterior portions of the second, third, and fourth 
ribs was accomplished and the defect corrected with a pros- 
thetic cover. Histologic examination of the specimen revealed a 
chondrosarcoma arising at the costochondral junction. 


Case 2 


A 28-year-old female known to have had multiple exostoses 
since the age of 10 was admitted for removal of a painful 
growing tumor of the left scapula. Surgical removal of cosmeti- 
cally deforming exostoses of the left humerus and femur had 
been performed at that time, and an exostosis had been re- 
moved from the right tibia 2 years later. Two of the patient's 
three children had similar lesions. On physical examination, a 
slightly tender firm mass was noted on the left posterolateral 
chest wall. Laboratory findings were normal. 

Radiographic examination demonstrated an osteocartilagi- 
nous exostosis 3 cm in diameter arising from the axillary border 
of the scapula (fig. 2A). No change in shape or size of the 
growth was noted compared to films taken more than 2 years 
earlier. Typical exostoses were seen in the proximal humeri, 
and a single protuberance was noted on the left radius. The left 
ulna was shortened and the radius considerably bowed. Short 
fourth metacarpals were present bilaterally. The femoral necks 
were deformed, and multiple exostoses were seen at the meta- 
physes of the long bones around both knees and ankles. 

Bone scintigraphy performed as in the previous case demon- 
strated a focal area of increased activity in the left scapula 
corresponding to the exostosis seen radiographically (fig. 2B). 
None of the other exostoses exhibited abnormal diphosphonate 
uptake. 

Wide excision of the left scapular exostosis was performed, 
and a pathologic diagnosis of benign osteochondroma was 
made. 
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| Fig. 1.—Case 1. A, Oblique view of sternum showing calcified osteochondroma. 
| B, Anterior bone scintigraph with abnormal uptake corresponding to sternal osteo- 
1 chondroma. 
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Fig. 2.—Case 2. A, Osteochon- 
droma of scapula. B, Posterior bone 
scintigraph with intense focal activ- 
ity in scapular osteochondroma. 
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Discussion 


Osteochondromata in children have been reported to 
show active accumulation of bone scanning agents at 
the site of bone growth [4, 5]. In adults, however, Moon 
et al. [6] reported negative '*F scans in two of three 
patients, with the only positive scan occurring in a 20- 
year-old patient with a tibial lesion that had been biop- 
sied 5 years earlier. Whether the epiphysis nearest this 
exostosis was fused at the time of examination is not 
recorded. 

Since growth of osteocartilaginous exostoses ceases 
with fusion of the nearest epiphyseal center, and since 
bone growth is a recognized cause of increased osseous 
diphosphonate uptake, the disparate results obtained in 
children and adults are not surprising. The accumulation 
of diphosphonate in the lesions subsequently excised 
from our patients was undoubtedly due to the resump- 
tion of growth in these exostoses. The other multiple 
exostoses noted in both patients were apparently not 
growing and demonstrated no abnormally increased 
uptake. In contrast to the experience of Gilday and Ash 
[4], the malignant lesion in our case 1 showed no more 
avid uptake of radiopharmaceutical than did the benign 
lesion in case 2. It would seem that simple growth, 
rather than malignancy, prompts the increased diphos- 
phonate accumulation. 

The findings in our cases suggest that while the bone 
scan will not identify malignant degeneration as such, it 


will accurately distinguish those osteocartilaginous ex- 
ostoses which are growing from those which are quies- 
cent. Although the resumption of growth was clinically 
obvious in these two cases, scintigraphy should be of 
particular use in lesions which are not close to the skin 
surface and whose growth might otherwise not be noted 
by the patient. In view of the malignant potential of 
multiple hereditary exostoses and the low radiation dose 
of bone scintigraphy compared to conventional radio- 
graphic bone survey, the former modality is suggested 
as the better choice for periodic routine surveillance of 
adult patients with this disease. 
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Caffey's Disease: A Case Originating in the First Metatarsal and Review 
of a 12 Year Experience 


VIVIAN J. HARRIS’ AND JOSE RAMILO? 


This paper describes an infant with Caffey’s disease who 
presented with swelling of the first metatarsal shown as 
hyperostosis histologically. He then developed scapular scle- 
rosis and new bone formation. The mandible became involved 
26 days after onset. A review of a 12 year experience with 
Caffey’s disease (33 patients) disclosed a definite decrease 
in the number and percentage of patients seen since 1968. 


Infantile cortical hyperostosis is generally easy to recog- 
nize clinically because of the appearance of mandibular 
swelling and irritability in an infant under 5 months of 
age. This, together with the radiographic appearance of 
cortical thickening, is sufficient to suggest the diagnosis. 
In our patient the onset was in the first metatarsal 
followed by swelling and cortical new bone of the scap- 
ula. The mandible was involved 26 days later. This 
patient also made us aware of a recent paucity of cases 
with Caffey’s disease. To confirm this, radiographs and 
records of all cases diagnosed as Caffey's disease at 
Cook County Children’s Hospital from 1964 to 1976 were 
reviewed. We found 33 patients with the syndrome; all 
had onset of symptoms before 5 months of age, and all 
had radiographic and clinical diagnosis of infantile cor- 
tical hyperostosis. 


Fig. 1.—A, Frontal view of right 
foot showing solid new bone along 
shaft of first metatarsal and soft tis- 
sue swelling. B, Left scapula show- 
ing abundant dense new bone. 
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Case Report 


A 3-month-old black male had swelling of the right first toe 
for 3 days. Radioactive bone scan performed on admission 
showed increased uptake in the right metatarsal and left shoul- 
der. Radiographs demonstrated abnormality of the first meta- 
tarsal characterized by sclerosis, periosteal new bone forma- 
tion, and a soft tissue mass (fig. 1A). Subsequent radiographic 
bone survey showed sclerotic new bone along the left scapula 
(fig. 1B). Views of the mandible were normal. Laboratory studies 
were normal except for an elevated erythrocyte sedimentation 
rate (28 mm). Serum alkaline phosphatase was normal and 
blood cultures negative. A saline aspirate from the soft tissue 
of the first metatarsal grew coagulase-positive Staphylococcus 
aureus which was questioned as a skin contaminant. 

An open biopsy done on day 3 showed hypercellular 
reactive new bone formation (fig. 2). Specimen examiners 
included Louis Lichtenstein (personal communication): 

This is active formation of new bone, and a little 
cartilage, within what appears to be periosteal con- 
nective tissue. My impression is that this is reactive 
new bone formation, and not neoplastic. Nor is there 
any indication in the specimen of (pyogenic) osteo- 
myelitis. 

However, on day 7 the patient developed a low grade fever, and 
on day 10, a diffuse indurated swelling of the left scapula 
region with tenderness and pseudoparalysis of the upper ex- 
tremity. 
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laginous tissue in fibroblastic matrix. (Courtesy of Dr. Paul Szanto) 





Fig. 3.—Oblique view of mandible showing thick layer of periosteal 
new bone on inferior surface which appeared 29 days after onset of 
symptoms. 


Because of a possible positive culture from the metatarsal, 
the febrile course, and a picture not conclusive for Caffey's 
disease, a course of intravenous methicillin was started. Within 
4 days the tenderness and swelling af both lesions decreased. 





Fig. 2.—High power view of bone biopsy showing cellular osteocarti- 
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Fig. 4.—Incidence of Caffey's disease at Cook County Chil- 
dren's Hospital, 1964-1976. 


TABLE 1 
Incidence of Caffey's Disease 














Pediatric Outpatient Pediatric Admissions" 











Emergency Room Visits No. with 

Year ———————— Caffey's 

Incidence Incidence Disease 

No. (96) No. (96) 

1964 ........ xd $us den oe 5 
190 Loraci» 160,635 .00031 12,495 .040 5 
1900 oobis 182,523 .0027 13,370 .037 5 
TOOT cocos 149,785 .0040 12,389 .048 6 
1968 ........ 134,320 .0037 11,546 .043 5 
Lh 119,158 .0008 11,029 .009 1 
TF UL erba 102,449 .0020 11,023 .020 2 
TUI T EEEE 106,973 .0019 9,562 .021 2 
TORE sectau 109,611 .0009 10,125 .010 1 
por MM 122,362 0 9,603 .0 0 
jor eee 121,322 Q 8,917 0 0 
TET iade 104,279 .0010 8,091 .012 1 
ISTB vise cus 101,093 0 7,041 .0 0 





* Excluding premature and neonatal. 


However, 14 days after the start of methicillin therapy (26 days 
after admission), a diffuse tender swelling appeared on the 
right mandible. Radiographs were consistent with infantile 
cortical hyperostosis (fig. 3). Swelling and tenderness of all 
sites diminished within the next 2 weeks. The patient was well 
on follow-up visits over the next 2 years. 


Results 


Review of the 12 year data showed a declining inci- 
dence of Caffey's disease after 1968 (fig. 4). In 14 of the 
33 patients with the disease, more bones than the man- 
dible were involved. One 3-month-old male patient who 
had extensive involvement, including all ribs, both scap- 
ulae and clavicles, iliac bones, left tibia, and mandible, 
returned within 2 years completely normal. All except 
one patient had involvement of the mandible. All patients 
were younger than 5 months and presented with swelling 
and irritability. 
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Discussion 


In 1930 Róske [1] described a patient with periosteal 
new bone of both humerii, radii, tibiae, and left mandible 
in whom tuberculosis, rickets, lues, and scurvy were 
excluded. It was not until 1945 that Caffey and Silverman 
[2, 3] recognized this as a new entity to which the 
name infantile cortical hyperostosis was applied. Since 
then many affected families have been reported, and it 
has been demonstrated in utero [4, 5]. Changes of 
periosteal thickening of all tubular bones except phalan- 
ges have been described, although the round bones of 
wrist and foot and vertebral bodies are rarely involved 
[6-8]. 

Our patient showed several unusual features. To our 
knowledge, initial involvement of first metatarsal has 
never been reported. Soft tissue swelling and hyperos- 
tosis were present histologically. There was no increase 
in serum alkaline phosphatase despite the bone finding. 

Cases previously described involving metatarsals were 
those reported by Caffey in 1945 [3]. One 9-week-old 
infant had involvement of multiple bones, including 
second to fifth metatarsals bilaterally. Two other infants, 
ages 27 and 22 months, had multiple sites of cortical 
hyperostosis, including the second through fifth meta- 
tarsals and second and fifth metacarpals but not the 
mandible [3]. In view of Caffey's later statement that 
onset of bona fide cases never occurs after the fifth 
month of life [6], it is possible that in retrospect these 
did not represent infantile cortical hyperostosis. Among 
several large series of patients, no lesions of the hands 
or feet are described [7-10]. 

The protracted course in our patients with the appear- 
ance of mandibular swelling and cortical thickening 26 
days after onset of illness is unusual but consistent with 
the disease (J. Caffey, personal communication). Gen- 
erally the mandible is the presenting feature; however 
late films at up to 2 weeks may be necessary to discover 
the mandibular involvement [11]. Frank swelling and 
cortical hyperostosis almost 1 month after onset has not 
been reported. The apparent response of the patient to 








antibiotics is questionable, considering the natural 
course of the disease where swellings are known to 
regress while new areas of swelling and hyperostosis 
appear. 

An interesting and unexplained fact is a gradual de- 
crease in the number of cases in recent years. From 
1964 to 1968 there were five to six cases diagnosed in 
our pediatric emergency area and admitted every year. 
During 1969-1976 the number per year gradually de- 
creased from two to no patients yearly (fig. 4). Although 
the total number of pediatric emergency room visits has 
also decreased, the absolute decrease in number and 
percentage of Caffey's disease (table 1) is striking. 
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Angiographic Diagnosis of Benign and Malignant Splenic Tumors 


TAKASHI KISHIKAWA,' YUJI NUMAGUCHI, KATSUSHI WATANABE, AND KEIICHI MATSUURA 


Fifteen cases of benign and malignant nodular splenic 
tumors, including six cysts, one hamartoma, two hemangio- 
sarcomas, five reticulum cell sarcomas, and one Hodgkin's 
disease, are presented with their arteriographic manifesta- 
tions. The value of splenic arteriography is emphasized, since 
it may provide rather specific information in the diagnosis of 
benign and malignant nodular splenic tumors. Differential 
diagnostic considerations are also discussed. 


Introduction 


Tumors of the spleen are rare. Bostick [1] found six 
benign and four malignant primary splenic tumors 
among 11,707 autopsy and 68,820 surgical cases. Rous- 
selot and Stein [2] found four primary and six secondary 
malignant splenic tumors among 225,405 admissions, 
including 4,217 autopsied cases. Benign splenic tumors 
consist of (in order of frequency) cysts, hemangiomas, 
lymphangiomas, hamartomas, and other extremely rare 
tumors such as fibromas, leiomyomas, neurinomas, and 
lipomas [1, 3, 4]. Primary malignant splenic tumors 
include malignant lymphomas, malignant tumors of vas- 
cular origin (Rhemangiosarcoma and endothelioma), and 
other extremely rare tumors such as spindle cell sarco- 
mas, plasmocytomas, leiomyosarcomas, and neurosar- 
comas [2, 5-7]. Metastatic tumors are infrequent in the 
spleen, constituting only 2%-4% of all metastatic tumors 
[8]. Their main sources are cancers of the lung, breast, 
and stomach, malignant melanoma, and choriocarci- 
noma [3]. 

Clinical symptoms are variable. Benign splenic tumors 
are usually asymptomatic, while malignant tumors are 
generally accompanied by indications of malignancy. If 
sufficiently large, they may produce various symptoms 
because of compression of surrounding organs. Torsion 
of the neck of a cyst and rupture of the tumor may 
present acutely [4, 9, 10]. Hypersplenism may be ob- 
served in patients with hemangiomas, hamartomas, or 
malignant tumors [2, 9-11]. Portal hypertension may be 
seen with capillary hemangiomas [12]. 

The diagnosis of splenic tumors depends primarily on 
detecting a mass in the spleen. Clinical features are 
usually nonspecific. The radiologic means, such as plain 
radiography, barium gastrointestinal study, and excre- 
tory urography, may suggest the presence of a splenic 
mass even in cases without palpable spleens [13, 14]. 
However, this does not help to differentiate nodular 
splenic tumors from diffuse splenomegaly secondary to 
other disorders. Splenic scintigraphy is useful in detect- 
ing intrasplenic masses [15-17], but is nonspecific. This 
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report discusses the value of arteriography in the preop- 
erative diagnosis of benign and malignant splenic tu- 
mors. 


Case Material 


Fifteen cases of nodular splenic tumors were detected 
at Kyushu University affiliated hospitals. These involved 
six cysts (including three pseudocysts), one hamartoma, 
two hemangiosarcomas, five reticulum cell sarcomas, 
and one Hodgkin's disease (table 1). Histologic verifica- 
tion was by splenectomy, open splenic biopsy, or au- 
topsy in 12 cases, and clinically by lymph node biopsy in 
three. 

Two of the patients with cysts were asymptomatic. 
Four persons with cysts, one with a hamartoma, and 
seven with malignant tumors had left upper quadrant 
masses or splenomegaly. Four persons with malignant 
tumors had abdominal pain. Pancytopenia or hypochro- 
mic anemia, probably due to hypersplenism, was ob- 
served with the one hamartoma and two hemangiosar- 
coma cases. Leukocytosis occurred in one reticulum 
cell sarcoma patient. 


Findings 


All 15 cases underwent celiac or splenic arteriography 
performed by the percutaneous transfemoral catheter 
technique. The arteriographic findings are summarized 
in table 1. 

In five cases of splenic cyst, arteriography revealed an 
avascular mass with a marginal stain (fig. 1). In a subcap- 
sular pseudocyst, splenic arteriography demonstrated 
only a circular calcification attached to the inferior pole 
of the spleen. The cystic portion was not opacified. A 
hamartoma of the spleen was visualized as a richly 
vascularized tumor. Prominent tumor vessels with aneu- 
rysmal dilatations and multiple vascular lakes were seen 
within a well demarcated mass (fig. 2). 

In two cases of hemangiosarcoma, the splenic artery 
was relatively small and its intrasplenic branches were 
displaced in an arcuate configuration. Blushlike vascular 
lakes were seen within the tumor in the late arterial to 
venous phase, while no obvious tumor vessels or tumor 
stains were shown in either case (fig. 3). In six cases of 
reticulum cell sarcoma and Hodgkin's disease, single or 
multiple poorly defined round defects were visualized in 
the splenic parenchymograms (fig. 4). Arterial encase- 
ment was seen in all cases, and fine tumor vessels in 
three. Venous obstruction was documented in two. 
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TABLE 1 
Arteriographic Findings in Splenic Tumors 


Splaying of In- 
Pow Tumor Age and Sex trasplenic Ar- 
teries 
1 ...Congenital cyst 90, F $ 
2 ...Pseudocyst 40, F + 
3 ...Pseudocyst 43, M + 
4 .. Solitary cyst 66, M + 
9 ...Subcapsular 44. F = 
pseudocyst 
6 ...Epidermoid cyst 15, F d$ 
7 ...Hamartoma 18, F + 
8 ...Hemangiosar- 34, F H 
coma 
9 ...Hemangiosar- 44, M B 
coma 
10 ...Reticulum cell 42, M B 
sarcoma 
11 ...Reticulum cell 58, M + 
sarcoma 
12 ...Reticulum cell 68, M + 
sarcoma 
13 ...Reticulum cell 34, F + 
sarcoma 
14 .. Reticulum cell 54, M t 
sarcoma 
15 ...Hodgkin s dis- 43, F + 
ease 





Fig. 1.—Case 1, congenital cyst. Splenic arteriogram, late arterial 
phase, demonstrating splenic arteries splayed over avascular mass with 
marginal stain. 
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Discussion 


Arteriographic Diagnosis 


Cysts. Reports of arteriography of splenic tumors are 
sparse. Cysts are exceptionally well documented, about 
50 cases having been reported. In the great majority of 
cases, a solitary splenic cyst appears as an avascular 
mass with a marginal stain [18-24]. Multiple cysts are 
demonstrated as multiple round avascular masses, usu- 
ally with marginal stains [23]. 

Other benign tumors. Documentation of the arteriog- 
raphy of benign splenic tumors other than cysts has 
been rare. To our knowledge, only one case of cavernous 
lymphangioma [24], three cases of hemangioma [12, 25, 
26], and four cases of hamartoma [11, 27-29] have been 
published in the world literature. Cavernous lymphan- 
gioma produces multiple small round defects in the 
splenic parenchymogram, termed a Swiss cheese ap- 
pearance [24]. Angiography of cavernous hemangiomas 
shows multiple parenchymal defects with numerous vas- 
cular lakes, termed a checkerboard appearance [26]. 
Capillary hemangiomas appear as multiple hypervascu- 
lar nodules fed by dilated intrasplenic arteries, without 
vascular lakes [12]. Hamartomas have characteristic ar- 
teriographic findings: irregular dilated tortuous vessels, 
with or without aneurysmal dilatation, within a well 
demarcated mass, with occasional vascular lakes or 
arteriovenous shunting [11, 28, 29]. One calcified hamar- 
toma without any vascularity has been reported [27]. 

Primary malignant tumors. The arteriographic findings 
of about 20 cases of malignant nodular splenic tumors 
have been documented since Edsman [30] first described 








Fig. 2.— Case 7, hamartoma. A, Celiac arteriogram, arterial phase, demonstrating splenic arterial branches splayed over intrasplenic mass. Tumor 
vessels with small aneurysmal dilatations are seen. B, Venous phase showing multiple vascular lakes. Marginal stain is seen in upper and lower poles 
of tumor. 











Fig. 3.—Case 9, hemangiosarcoma. A, Celiac arteriogram, arterial phase, demonstrating small splenic artery and its branches. Intrasplenic arteries 


are stretched over enlarged spleen and supply multiple vascular lakes. B, Venous phase showing prominent vascular lakes throughout spleen 
(Reprinted with permission from [33]) 




















Fig. 4.— Case 12, reticulum cell sarcoma. A, Splenic arteriogram, arterial phase, demonstrating intrasplenic arteries displaced in arcuate fashion in 
several areas. Multiple intrasplenic avascular masses without distinct margins are seen. B, Venous phase showing tortuous dilated intrasplenic veins 
and collateral venous drainage via gastroepiploic vein (arrow) without visualization of splenic vein, suggesting venous obstruction by tumors. 


the arteriography of a malignant splenic endothelioma 
in 1954. Malignant lymphomas with relatively large tumor 
nodules appear as single or multiple avascular masses 
without distinct margins [8, 23, 31, 32]. Tumor vessels 
and/or tumor encasement are often seen [20], as in our 
cases of reticulum cell sarcoma and Hodgkin's disease 
(fig. 4). Among the malignant splenic tumors of vascular 
origin, the malignant endothelioma reported by Edsman 
[30] was a richly vascularized tumor with marked tumor 
vessels. However, hemangiosarcomas seen at our insti- 
tution [33] did not show obvious tumor vessels or tumor 
stains, but rather multiple vascular lakes within the 
tumor. Other rare malignant splenic tumors, including 
spindle cell sarcomas and plasmocytomas, are poorly 
defined masses with minimal to marked tumor vessels 
and tumor stains. Arterial and/or venous encasement 
and arteriovenous shunting are occasionally noted [10, 
20, 34]. 

Metastatic tumors. The arteriography of several meta- 
static splenic tumors has been documented. Their arte- 
riographic appearances vary widely, probably due to 
differences in their origins and histology. Metastases of 
malignant melanomas and cancers of the stomach, uri- 
nary bladder, and uterus appear as poorly defined avas- 


cular masses with or without tumor vessels [8, 20, 35- 
37]. Metastases of chorioepithelioma, hypernephroma, i 
and hemangiosarcoma have multiple hypervascular nod- 
ules [20, 28, 37]; a metastatic thyroid cancer produces a 
marked tumor stain [26]. 

Thus, arteriography facilitates the demonstration of 
the blood vessels in nodular splenic tumors, including 
the extent of the blood supply, and the parenchyma of 
the tumor. It verifies their presence and suggests their 
probable nature. Diffusely infiltrating and finely nodular 
tumors of the spleen, including some malignant lympho- 
mas, leukemias, and metastatic tumors, appear arterio- 
graphically as diffuse splenomegaly without neovascu- 
larity or parenchymal defects [31, 32, 36], as we have 
encountered in three cases (not reported here). 

Other relatively valuable methods for diagnosing 
splenic tumors include contrast tomography [15] and 
echography [17], which have less risk but are less spe- 
cific than arteriography. These procedures may be valu- 
able, particularly for diagnosing splenic cysts. Puncture : 
of a cyst cannot be recommended because of the risk 
of bleeding, or seeding if the cyst is echinococcal. 
Calcification is sometimes seen on plain radiography, as 
we observed in two pseudocysts (cases 3 and 5). Accord- 
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ing to Fowler [38], about 10% of splenic cysts, most 
frequently parasitic cysts and pseudocysts, have calcifi- 
cation. Other benign and malignant tumors are rarely 
calcified. Hamartoma, hemangioma, lymphangioma, and 
plasmocytoma with calcification have been reported [11, 
27, 34, 39]. Experience with computed tomography is 
insufficient as yet to determine its eventual role in diag- 
nosis of splenic tumors. 


Differential Diagnosis 


Any lesion which may produce a mass in the left 
upper quadrant should be included in the differential 
diagnosis of a splenic tumor. Tumors arising from the 
left lobe of the liver, left kidney, left adrenal gland, tail 
of the pancreas, stomach, intestines, omentum, mesen- 
tery, and the retroperitoneum are relatively common 
lesions which can produce such a mass. These lesions 
can be differentiated from a splenic tumor with little 
difficulty by radiologic means, including barium gas- 
trointestinal studies, excretory urography, radioisotope 
scintigraphy, and arteriography. Malignant tumors aris- 
ing from neighboring structures may invade the spleen 
to make differentiation difficult, even by arteriography 
(fig. 5). But when arteriography reveals a blood supply 
from the proper arteries to the original structure as the 
main “feeders,” differentiation is usually possible. Arte- 
riography in splenic invasions from cancer of the stom- 
ach and pancreas may show arterial encasement and 
irregular parenchymal defects at the periphery of the 
spleen. A large aneurysm of the splenic or left renal 
artery may also produce a left upper quadrant mass, but 
it is easily differentiated from a splenic tumor by arteri- 
ography. 

Splenic lesions mimicking a nodular splenic tumor 
include splenic abscesses, hematomas, and infarctions. 
These lesions produce splenomegaly, defects on the 
splenic scintigrams, and avascular areas on splenic 
arteriograms. Splenic abscesses are usually accompa- 
nied by general and/or abdominal infection and are 
shown arteriographically as single or multiple parenchy- 
mal defects with irregular margins [40]. Splenic hemato- 
mas usually follow abdominal trauma and produce intra- 
splenic or subcapsular avascular areas, and arteriog- 
raphy frequently demonstrates extravasation of the con- 
trast medium [41]. In splenic infarctions, arteriography 
shows fan-shaped parenchymal defects whose bases 
are near the splenic hilum, where the intrasplenic arter- 
ies are occluded. 

The diagnosis of the probable nature of nodular 
splenic tumors is possible in many cases by meticulous 
study of the splenic arteriograms, since there are several 
arteriographic features of benign and malignant tumors. 
Among the benign tumors, a cyst is relatively easy to 
recognize when splenic arteriography shows a round 
avascular mass with a marginal stain. A cavernous lym- 
phangioma should be considered when multiple small 
avascular masses are scattered in the spleen and there 
is a "Swiss cheese" appearance on the splenic paren- 
chymogram. Multiple vascular lakes or a "checker- 
board" appearance may suggest a cavernous heman- 





Fig. 5.— Retroperitoneal teratocarcinoma involving spleen. Celiac ar- 
teriogram showing marked tumor vessels fed by splenic arterial branches 
and tumor blush in lower half of spleen. 


gioma. However, as in our cases, splenic hemangiosar- 
comas may have similar findings. Multiple hypervascular 
nodules fed by dilated intrasplenic arteries without tumor 
vessels may be diagnostic of a capillary hemangioma. 
Although hamartomas show tumor vessels and occa- 
sional arteriovenous shunting, as are often seen in ma- 
lignant tumors, they also produce multiple aneurysmal! 
dilatations of the vessels, and smooth demarcations 
occasionally with marginal stains. This may be more 
suggestive of a hamartoma. Rarely, an organized hema- 
toma has a confusing arteriographic appearance, mim- 
icking a hamartoma [42]. 

Irregular tumor vessels and tumor encasement are 
pathognomonic arteriographic features of malignant 
splenic tumors, as with those in other organs. Splenic 
endotheliomas, plasmocytomas, spindle cell sarcomas, 
some malignant lymphomas, and some metastatic tu- 
mors usually show tumor vessels and/or tumor encase- 
ment. Some malignant lymphomas and metastatic tu- 
mors may not show tumor vessels, demonstrating only 
round, often multiple, avascular masses with irregular 
margins. Multiple irregular tumor stains may suggest 
metastatic tumors when a primary tumor is present 
elsewhere. Exceptionally, splenic hemangiosarcomas 
may not show any definite arteriographic evidence 
suggestive of malignancy. 
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Splenomegaly produced by diffusely infiltrating or 
finely nodular tumors cannot be distinguished from that 
secondary to other nonneoplastic disorders by radio- 
logic means. Other clinical and laboratory data should 
be taken into consideration. 
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Skin Thickness in the Therapeutically Irradiated Breast 


HERMAN I. LIBSHITZ,! ELEANOR D. MONTAGUE, AND DAVID D. PAULUS, JR.’ 


Skin thickening of the breasts of 22 women undergoing 
excision biopsy of a breast cancer and subsequent radiation 
therapy to 5,000 rad is considered. The skin thickness of the 
treated breast returned to normal in 17 of 22 patients studied. 
Of the 17, nearly 60% returned to normal in 2 years, over 80% 
in 3 years, and the rest by 4 years. The period of follow-up 
was less than 4 years in the five patients with residual skin 
thickening. The alterations in skin thickness are consistent 
with the histopathologic changes seen in radiation dermatitis. 


More women are now receiving excision biopsy and 
radiation therapy as primary treatment of their breast 
cancers. Prior reports have shown that skin thickening 
similar to that seen in inflammatory cancer of the breast 
can result from radiation therapy to the breast [1]. 
However, we have noted that the skin thickening follow- 
ing radiation therapy may resolve, in keeping with the 
pathologic changes described in radiation dermatitis. 
This review was undertaken in an attempt to accurately 
define the changes in skin thickness of breast in women 
receiving local excision and radiation therapy. 


Subjects and Methods 


The records of all patients at M. D. Anderson Hospital and 
Tumor Institute who had undergone wedge excision of their 
cancer and subsequent radiation therapy were reviewed. The 
.tumors ranged from 2 to 6 cm in diameter. All but six had 
excision of the primary tumor before referral to this institution. 
None had had disturbance of the axilla, either from biopsy or 
axillary dissection, prior to irradiation. 

In an attempt to limit the cause of any alteration in skin 
thickness to those of radiation change alone, we included 22 
patients based on the following criteria: (1) mammograms 
available from both before and after radiation therapy and 
complete clinical follow-up was available; (2) no evidence of 
locally recurrent disease or distant metastases on follow-up; (3) 
skin thickness measurements possible at the same relative 
position in both breasts on the same view of the breast; and (4) 
less than 0.3 mm difference in skin thickness of the two breasts 
prior to radiation therapy. Patients with greater than a 0.3 mm 
difference were excluded to avoid possible changes related to 
postoperative edema in the involved breast and to exclude 
possible unappreciated changes of lymphangitic spread. 


Measurements 


The measurements of skin thickness were made in the same 
relative position in the same view of both breasts. All measure- 
ments were made with a Baush & Lomb measuring magnifier 
(cat. no. 81-34-35) with a 10 mm long metric scale, engraved at 
0.1 mm intervals. Repeat measurements showed a possible 
error of 0.1 mm for any single measurement. This could cause 
a possible compound error of 0.4 mm in comparing the original 
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measurements of both breasts with subsequent ones. The skin 
thicknesses of the two breasts averaged less than 0.1 mm 
difference in the pretreatment mammograms. Assuming that a 
portion of this error would cancel out, a difference of 0.3 mm 
between the thicknesses of both breasts was accepted as 
equality. 


Radiation Therapy 


Radiotherapy delivered with ®°Co irradiation was given to the 
entire breast, axilla, and supraclavicular and internal mammary 
nodes. A tumor dose of 5,000 rad was delivered in 5 weeks (25 
fractions) to each area. Portals included medial and lateral 
tangential fields treating the breast, an anterior supraclavicular- 
axillary portal, and a posterior axillary portal opposing the low 
and central axilla. Seventeen patients had separate internal 
mammary fields delivering 4,500 rad tumor dose to the internal 
mammary nodes at a depth of 3 cm; the remainder had internal 
mammary node treatment included in the tangential portals. 

The medial and lateral fields are treated daily. The transverse 
contour of the midportion of the breast is utilized to establish 
isodose distributions made with and without bolus. The daily 
dose is calculated to deliver 1,000 rad tumor dose per week at 
the midbreast level or the excised tumor depth if it is a periph- 
erally located primary tumor. 

At completion of 5,000 rad tumor dose in 5 weeks, a reduced 
appositional field is used to deliver an additional 1,000 rad in 5 
days to the excision scar with an adequate margin. Either ®°Co 
or low voltage electrons are used (voltage depending on the 
thickness of the area to be treated). 

Tissue equivalent bolus material was used to increase the 
skin dose. Bolus is usually alternated with nonbolus treatment 
for the first week. Generally at the third treatment week. stippled 
erythema begins which progresses into homogenous erythema, 
particularly in the areas of warmth and friction (inffamammary 
sulcus and tail of the breast). The desired skin reaction at the 
end of treatment is pigmented dry desquamation, but small 
areas of moist desquamation are acceptable. The addition of 
the boost to the area of the scar does not change the overall 
intensity of the skin reaction. No correlation could be made 
between the intensity of the skin reaction and the resulting skin 
thickness. 


Radiographic Findings 


The timing of mammograms and the status of the skin 
following the completion of radiation therapy is shown 
in table 1. The skin thickness of the breasts was equal 
(i.e., within 0.3 mm) in 17 of the 22 patients. This 
occurred within 24 months in 10 of the 22 patients, 
within 36 months in four, and within 48 months in the 
other three patients. The average time at which skin 
thicknesses were noted to be equal was 23 months. 

The skin thickness was noted to be equal on the first 
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follow-up study in eight patients. The range was 10-18 
months (average, 13 months). Nine patients in whom 
the skin thickness returned to normal had inequality of 
skin thickness on at least one interval study. The time of 
the return to normal thickness ranged from 20 to 47 
months (average, 34 months). The interval mammograms 
at which skin thickness was unequal ranged from 7 to 
35 months (average, 18 months). Representative cases 
are shown in figures 1 and 2. 

In the five patients in whom equality of skin thickness 


TABLE 1 
Time of Mammogram and Skin Status 








Time* and Skin Thick- Time* and Skin Thickness 


Case ness Case 
No. | ————— No. —— 
Unequal Equal Unequal Equal 
Toas ew 10-12 TE eser Wela, 28-30 
16-18 
S orie, cc 10-12 19 x. TOI, 31-33 
22-24 
Boxes cxi 13-15 14 .... 19-21 34-36 
- cs. ow 13-15 15 .... 10-12 40-42 
B oce x5 16-18 16 .... 19-21 40-42 
6 16-18 Ti scar T0512, 46-48 
34-36 
7 16-18 18 .... 7-9 
B vu xs 16-18 19 .... 10-12 
9... 10-12 19-21 20 .... 1-3, 
13-15 
10 10-12 22-24 21 .... 31-33 
11 7-9 25-27 22 .... 19-15,31- 
33, 40-42 





was not seen, the periods of follow-up were 9, 11, 13, 
33, and 41 months. The patient in whom the skin thick- 
ness was unequal at 41 months had interval mammo- 
grams at 15 and 33 months which also showed inequal- 


ity. 


Discussion 


In a previous report by one of us (H.I. Libshitz) in a 
different series of patients, postirradiation skin thicken- 
ing had been noted in all patients [1]. Complete resoiu- 
tion had not been seen, but the skin thickening dimin- 
ished with time in several patients. In a review of patients 
with inoperable breast cancer, Nisce et al. [2] noted no 
patients in whom skin thickening completely disap- 
peared. Bloomer et al. [3] reported variable skin thick- 
ening at less than 6 months and observed its presence 
after 6 months. However they did not specifically state in 
which patients these changes occurred nor did they 
report any cases in which the skin returned to normal. 

The findings in this series are in keeping with the 
histopathologic description of radiation dermatitis. Lever 
[4] described an early (acute) stage and a late (chronic) 
stage of radiation dermatitis, the late or chronic stage 
occurring from a few months to years after the radiation 
therapy. Histopathologically, early radiation dermatitis 
shows intracellular and extracellular edema of the epi- 
dermis. An inflammatory infiltrate is present in the der- 
mis and may permeate the epidermis. The collagen 
bundles also show edema. With the resolution of these 
acute changes, the skin becomes atrophic in late or 
chronic radiation dermatitis. 


Fig. 1.—Magnified craniocaudad 
view of left breast (A) and untreated 
right breast (B) both obtained 18 
months after radiotherapy. No differ- 
ence in skin thickness is apparent. 
Photograph of right breast reversed 
to facilitate comparison. 


SKIN THICKNESS IN IRRADIATED BREASTS 347 





Fig. 2.—A, Magnified craniocaudad view of left breast 19 months after radiotherapy showing slight skin thickening. B, Similar view of left breast 42 
months after radiotherapy showing return of skin to normal thickness. Compare similar view of untreated right breast obtained at same time (C). 
Photograph of right breast reversed to facilitate comparison. 


Patients in our series had no evidence of skin involve- 
ment of their breast cancers nor of local or distant 
recurrence following radiation therapy. Thus our find- 
ings are in keeping with the pathologic changes de- 
scribed in radiation dermatitis. During the stage of acute 
radiation dermatitis, differentiation from lymphangitic 
involvement would be quite difficult. However, it be- 
comes apparent that most of the patients treated to 
5,000 rad following excision biopsy will, in time, have 
resolution of the skin changes caused by radiation ther- 
apy. Of the 17 patients followed to resolution of the skin 
changes, 10 (59%) resolved within 2 years, 14 (82%) by 
the end of 3 years, and all 17 patients after 4 years. 
Patients in whom equality of the skin thickness has not 
occurred have been followed up to 41 months. 

The use of bolus and the occurrence of desquamation 
(moist or dry) seemed to have little relation to the final 
resolution of thickening. The only possible exception is 
the one patient followed 41 months whose skin changes 
have not returned to normal and in whom bolus was 
used for 45% of the tumor dose. In no other patient was 
bolus used for over 30% of the tumor dose. 

To our knowledge, this is the first study of skin thick- 


ness changes due only to radiation therapy. Because a 
greater number of women are refusing radical mastec- 
tomy and requesting excision biopsy and radiation ther- 
apy, the opportunity was presented to define the skin 
changes due to radiation alone. While skin thickening is 
one of the classic findings in inflammatory breast carci- 
noma, recognition that the skin changes caused by 
irradiation follow a definite temporal pattern may aid in 
distinguishing between acute radiation-induced skin 
change and lymphangitic spread. 
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Number of Projections in Mammography: Influence on Detection of 
Breast Disease 


INGVAR ANDERSSON,’ JAN HILDELL,1 ANDERS MUHLOW,? AND HOLGER PETTERSSON' 


A total of 491 cases of breast cancer were reviewed to 
evaluate the diagnostic importance of the three standard 
projections; craniocaudal, mediolateral, and oblique. With 
only one projection, 90% of the malignancies would have 
been detected; with two and three projections the percent- 
ages rose to 94% and 95%, respectively. Nonvisualization 
was due to either juxtathoracic position of the tumor or 
superimposition of dense tissues. A relation was found be- 
tween the position of a juxtathoracic tumor and the projection 
in which it was visualized. The mean diameter of tumors not 
visible due to superimposition of dense tissues was smaller 
than that of the whole material. In breast screening programs, 
use of two projections, the oblique and craniocaudal, is 
recommended. 


Introduction 


In most screening centers, two or three standard projec- 
tions are used in elective mammography: craniocaudal, 
 mediolateral or lateromedial, and oblique. Reducing the 
number of projections would be beneficial in lessening 
radiation exposure, reducing cost, and saving time. 
Lundgren and Jakobsson [1] and Weishaar et al. [2] 
have found the oblique projection to be the most accu- 
rate for diagnosing mammary carcinoma, and recom- 
mend it as the single projection to be used in screening 
examinations. Buchanan and Jager [3] also advocate 
single view mammography and find the mediolateral 
view the most appropriate. Accordingly Cukier et al. [4] 
find the mediolateral projection sufficient for screening 
purposes. On the other hand, Libshitz et al. [5] do not 
recommend single view mammography. 

In our experience, it is not unusual to find a carcinoma 
which has a typical appearance in one of the standard 
projections but which is not at all or only with difficulty 
recognizable in another projection. Thus it is reasonable 
to anticipate that a number of carcinomas will be over- 
looked if only one projection is used. This investigation 
was undertaken to clarify the diagnostic potential of the 
standard projections used in mammography, single or 
in combination, with special reference to screening ex- 
aminations. 


Materials and Methods 


Records of 498 consecutive patients with histologically veri- 
fied mammary carcinoma diagnosed at the university hospitals 
of Lund and Malmó were reviewed. Clinical examination and 
mammography had been performed preoperatively. Three stan- 
dard projections were used: craniocaudal, mediolateral, and 
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oblique (fig. 1). Nonscreen film had been used in about half the 
examinations and film-screen combinations in the other half. In 
20 patients one or two of the standard projections either had 
never been taken or were lost. These patients were excluded 
from the study. Of the remaining 478 patients, 13 had bilateral 
cancer. Thus the material consisted of 491 cases of mammary 
carcinoma. 

The material was reviewed by four radiologists experienced 
in mammography. The observers knew that each patient had 
one or more malignancies, but not the localization or previous 
interpretation. Each of the three standard projections was 
examined and note was made of those views in which malignant 
lesions were seen. Localization and size of the malignancy was 
also noted. Cases in which the malignancy was not detectable 
in all projections were reviewed a second time, and the reason 
for nonvisualization of the cancer was analyzed. Differences in 
interpretation between the two reviews and between the radiol- 
ogists were negligible. 


Results 


Visibility of the malignancies in the three standard 
projections is shown in figure 2. In 24 of the 491 cases, 
no radiologic sign of malignancy was observed either at 
original interpretation or during the review. Of these, 
two patients had lobular carcinoma in situ, and two had 
Paget's disease. Three clinically apparent cancers were 
not visible because of juxtathoracic position. The re- 
maining 17 cases appeared as advanced fibroadenosis 
without signs of malignancy. 

In 403 cases the malignancies were visible in all three 
projections, while in 64 the tumor was visible in only 
one or two projections. Of these 64, 10 malignancies 
were visible in the craniocaudal projection only, four in 
the mediolateral projection only, and five cases solely in 
the oblique view. Thirteen cases were visible in the 
craniocaudal and mediolateral but not in the oblique 
projection, while 17 cases were visualized in the medi- 
olateral and oblique but not in the craniocaudal projec- 
tion. In 15 cases, the malignancies were seen in the 
oblique and craniocaudal views, but not in the mediola- 
teral. Thus 19 tumors were visible in one projection only 
and 45 in two projections only. As seen from table 1, 
about 9096 of the malignancies would have been de- 
tected if one projection had been used, 94% with two 
projections, and 95% with three projections. 

Cancers were missed in one or two projections for 
two main reasons: (1) juxtathoracic position resulting in 
the tumor not being included in the radiograph, and (2) 
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Fig. 1. —Standard craniocaudal (A), oblique (B), and mediolateral (C) 
projections. Arrow indicates beam direction. 





24 
oblique 





Fig. 2.—Venn diagram showing visibility of 491 malignancies in three 
standard projections. 


TABLE 1 
Malignancies Detected by Projection 


Malignancies 


Projection 

No. % 
pne gol Ea A A 441 90 
ModS idar a bio ee Pos 437 89 
SRL RR ERE EEE TEA I OEE TRE 440 90 
Craniocaudal + mediolateral ................... 462 94 
Granibcaudal + ODNGUG is corren i eR ERE ERES 463 94 
Mediolateral + oblique ..............suuseuesuss 457 93 
Craniocaudal + mediolateral + oblique ......... 467 95 


superimposition of dense tissue. In these cases the 
impression was either normal glandular tissue, diffuse 
fibroadenosis, or benign tumor (cyst or fibroadenoma) 
in a breast involved with diffuse fibroadenosis. Tables 2 
and 3 show the positions of these malignancies and the 
projections in which they were not visible. Table 4 gives 
the positions of the malignancies in all cases reviewed. 

The oblique view seems to be the best in which to 
visualize tumors in the juxtathoracic part of the breast 








TABLE 2 
Location of Malignancies Not Visible because of Juxtathoracic 
Position 
Not Visible in: 
Quadrant 
Oblique Mediolateral Craniocaudal 
Upper lateral ........ — 12 10 
Lower lateral ........ 1 1 oe 
Upper medial ........ 1 3 3 
Lower medial ........ 3 TN eer 
Vota usc phos m ncn 5 16 13 


Note. — Data on 30 malignancies. Each projection in which tumor was not visible is 
recorded separately. 


TABLE 3 


Location of Malignancies Not Visible because of Superimposed 
Dense Tissue 








Not Visible in: 
Quadrant 
Oblique Mediolateral Craniocaudal 
Upper lateral ........ 10 5 6 
Lower lateral ........ 4 4 2 
Upper medial ........ 2 1 1 
Lower medial ........ 6 4 4 


TOA Lo dris ek d ku OR 22 14 13 


RO Ed Él CNN 
Note. — Data on 34 malignancies. Each projection in which tumor was not visible is 


recorded separately. 


TABLE 4 
Location of Malignancies for Entire Series 


Malignancies 
Quadrant 


No. 96 
Upper lateral .............. 261 53 
Lower lateral .............. 66 13 
Upper medial .............. 106 22 
Lower medial .............. 58 12 


(table 2). However, in dense breasts this view is inferior 
to the other two standard projections (table 3). The 
quadrant distribution of juxtathoracic tumors that are 
not visible differs from that of the whole material (table 
4) and from that of malignancies not visible due to 
superimposition of dense tissue (table 3). Four of five 
juxtathoracic malignancies not visible in the oblique 
view were situated in the medial quadrants, and 13 of 16 
malignancies not seen in the lateral view were situated 
in the lateral quadrants. Juxtathoracic malignancies not 
seen in the craniocaudal projection were situated in the 
upper quadrants. For malignancies not visible due to 
superimposition of dense tissue, position within the 
breast does not seem to be an important factor. 

The mean size of measurable tumors was 2.2 cm, of 
tumors not visible due to juxtathoracic position 2.0 cm, 
and of tumors not visible due to superimposition of 
dense tissue 1.3 cm. Thus tumors not visible due to 
superimposition were smaller than tumors in the other 
two groups. 

Clinical examination of the 64 cases not visible in al! 
projections revealed nothing abnormal in 14 cases, a 
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tumor which was considered benign in seven cases, and 
suspicion of carcinoma in 42 cases. 


Discussion 


Our data indicate that single view mammography re- 
veals fewer malignancies than mammography performed 
with two or three views. The number of malignancies 
detected in the different single projections is about the 
same. We agree with Lundgren and Jakobsson [1] that 
the oblique view is the single view that includes most of 
the breast when current equipment, including compres- 
sion devices are used. However, according to Wolfe [6], 
with xeromammography the entire juxtathoracic portion 
is also included in the lateral projection, explaining the 
results of Buchanan and Jager [3]. This is obviously 
important in the diagnosis of juxtathoracic tumors. 

However, in dense breasts with small tumors the 
oblique projection seems to be inferior to the craniocau- 
dal and lateral projections. This may be because the 
dense tissues situated in the central and upper lateral 
part of the breast and extending toward the axilla 
"cover" more of the breast than in the other two projec- 
tions. Thus we observed a number of small tumors, 
quite characteristic in the craniocaudal or lateral views, 
which were either totally concealed or had no malignant 
characteristics in the oblique view. Of course, the con- 
verse situation was also observed. 

Examination technique as well as image quality is of 
utmost importance in mammography. It might be argued 
that deficiences in these respects could explain our 
results. However, the total number of malignancies de- 


tected in our series is similar to that reported by others 
17, 9]. 

Screening programs for detection of breast cancer 
must balance such factors as cost, radiation dose, and 
time against expected benefits. Our results favor use of 
two projections: the oblique and craniocaudal views. In 
addition to increasing the sensitivity of the examination, 
the use of two projections reasonably decreases the 
number of false postive findings. 
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Diagnostic Oncology Case Studies 





Solitary Bone Scan Abnormality in a Patient 


with Breast Carcinoma 


A 42-year-old white female discovered a 1.5 cm mass in 
her left breast; subsequent biopsy revealed a well differ- 
entiated adenocarcinoma. Because of a prior history of 
metastatic carcinoma to a cervical lymph node (subse- 
quent review of submitted biopsy material showed no 
evidence of malignancy), a ?*?"technetium diphosphon- 
ate whole body bone scan was performed as part of her 
preoperative evaluation. A single focus of increased 
nuclide activity was present in the distal left tibia (see 
above). The patient had no symptoms referable to this 
site, and no tenderness could be elicited. 
Corresponding radiographs (fig. 1) revealed a zone of 
medullary bone lysis containing multiple arclike calcifi- 
cations. Portions of the periphery of the lesion were 
poorly delimited, with a small zone of endosteal scallop- 
ing present along the lateral tibial cortex. The radiologic 
picture was strongly suggestive of a cartilage-producing 
tumor (enchondroma or low grade chondrosarcoma); 
the lack of a circumscribed border and the pattern of 
calcification rendered a bone infarct or a metastasis 
unlikely. Following an inconclusive needle biopsy, the 
patient underwent a complete excision of the tibial lesion 
with freezing of the cavity with liquid nitrogen and 


packing with bone from the ilial crest. The final patho- 
logic diagnosis from the excision was "atypical cartilage 
lesion," possibly a low grade chondrosarcoma. 

Since the patient did not want a mastectomy, she and 
her surgeon agreed that preservation of the breast and 
avoidance of adjuvant chemotherapy would be consid- 
ered if the axillary nodes were negative. She subse- 
quently underwent axillary node dissection, and all 28 
nodes removed were free of microscopic tumor. Radio- 
therapy to the breast was given. 


Discussion 


Future improvement in survival rates for carcinoma of 
the breast rests on the successful therapy of microscopic 
metastases which may be present at the time of initial 
medical evaluation [1, 2]. The axial skeleton is the most 
frequent site of extranodal metastases from carcinoma 
of the breast [2]. Clinical parameters such as serum 
alkaline phosphatase levels and bone pain are poor 
indicators of dissemination to bone [3, 4]. 

Radiography is, by virtue of its insensitivity, a poor 
screening procedure for skeletal metastases. Consider- 
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Fig. 1.—A, Radiograph of lesion in distal diaphysis of left tibia. B, Localization needle pointing toward zone of endosteal thinning or scalloping in 
lateral tibeal cortex. Needle inserted under anesthesia for localization of suspect area immediately prior to excisional biopsy. 


able bone mineral content (3096-5096) must be lost 
before a lytic lesion becomes visible on a plain radio- 
graph [5, 6]; in fact, premortem tomograms of the lumbar 
spine could detect metastases in only 48% of cases in 
which they were proven to be present at autopsy [5]. A 
similar correlative study of nuclear scan sensitivity is not 
available yet, but numerous studies have clearly indi- 
cated that the ??" Tc nuclide bone scan is an exquisitely 
more sensitive examination than plain radiography [4, 
7-10]. It must be emphasized, however, that the scan is 
totally nonspecific: a variety of nonmalignant causes 
can produce a scan hot spot (table 1). 

To minimize the likelihood of error, we perform a 
combined radiographic-radionuclide bone examination 
on all individuals referred to our department for a bone 
scan. Immediately after the scan, radiographs of all "hot 
spots" and symptomatic foci are made. In addition, an 
anteroposterior radiograph of the pelvis is obtained for 
every patient; instances of false negative scans in the 
presence of diffuse symmetrical disease or obscuration 
of a lesion by nuclide activity in the bladder are thus 
eliminated. The scan and radiographs are then reviewed 
together by one radiologist. A negative scan alone essen- 
tially precludes radiographica]ly evident metastases 


(prior to treatment) from mammary carcinoma [7-9, 11, 
12]. Thus extensive radiographic skeletal surveys can be 
eliminated in many instances, preventing needless radia- 
tion exposure and saving the patient both time and 
money. Obtaining bone scans and appropriate radio- 
graphs on the same day obviates the need for a return 
to the department. Furthermore, the clinician receives a 
single comprehensive opinion rather than two often 
equivocal, or even conflicting, reports. 

The practicality of bone scanning in the preoperative 
evaluation of patients with clinical stage | carcinoma of 
the breast has yet to be determined conclusively. How- 
ever, there is some evidence that even patients with 
"early" carcinoma may have disseminated disease diag- 
nosable on scans [1, 13, 14]. Our policy for patients with 
stage | breast cancer is to perform survey bone scans 
only if there are bone symptoms or evidence of another 
malignancy; in patients with clinical stage II (or higher) 
disease, however, bone scans are performed in all pa- 
tients. Follow-up radiography and occasional biopsy of 
scan-positive, radiograph-negative bone foci are useful 
in defining further those patients who, before the advent 
of the radionuclide bone scan, might have been assumed 
to be free of tumor. 


o 
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TABLE 1 
Nonmalignant Causes of a Scan Hot Spot 


Soft Tissue Abnormalities 


Myositis ossificans 
Injection sites 
Operative sites 
Calcific tendinitis 


Osteomyelitis 
Osteoarthritis 
Postbiopsy sites 
Osteoid osteoma 
Hypertrophic 
thropathy 


Hyperostosis frontalis interna 


Melorheostosis 
Paget's disease 


Osseous Abnormalities 


Fractures in any stage of healing 
Metabolic bone disease 


pulmonary 


Degenerative disc disease 
Bone infarction (epiphyseal and meta- 


diaphyseal) 








Normal Structures 





Base of skull 

Inferior tip of scapulae 

Epiphyses of growing skele- 
ton 

Sternoclavicular joints 

External occipital protuber- 


osteoar- ance 


Note.— Adapted from O'Mara RE: Bone scanning in osseous metastatic disease. JAMA 229:1915-1917, 1974; and Charkes 
ND, Valentine G, Cravitz B: Interpretation of the normal **"Tc polyphosphate rectilinear bone scan. Radiology 107 : 563-570, 


1973. 


This patient refused breast surgery and was treated 
with local irradiation for proved stage | disease. Results 
for the management of breast cancer with radiation 
appear to be excellent for selected cases. These include 
patients whose primary tumors are under 2 cm with 
negative axillary lymph nodes (stage l). In our opinion, 
more advanced cancer (i.e., larger breast masses and/ 
or metastatic axillary adenopathy) is best handled pri- 
marily by surgery [15]. The physicians attending the 
present patient treated the tibial lesion as if it were a low 
grade chondrosarcoma, since enchondromas of long 
bones and the axial skeleton have a definite incidence 
of malignant degeneration [16-19]. The positive scan, 
indicating activity within the tumor, and the focus of 
cortical erosion on the radiograph further influenced 
their decision. 

This case emphasizes the need for close cooperation 
and communication between the clinical, pathologic, 
and imaging specialites in staging tumors, with particu- 
lar attention to careful correlation of all scan abnormali- 
ties with plain radiographs. A patient with breast carci- 
noma in whom the presumption of disseminated disease 
would have altered prognosis and management pro- 
foundly, proved to have a second primary tumor; both 
tumors were potentially curable. 
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Case Reports 


Computed Tomography in a Transient Brain Stem Disorder 


LEON I. GILNER,! ROBERT M. QUENCER,? AND ROBERT B. DAROFF* 


The ability of a nonneoplastic brain stem disorder to 
demonstrate contrast enhancement on CT scanning and 
then revert to normal is illustrated. The diagnostic pos- 
sibilities for this appearance both clinically and radio- 
graphically are discussed. 


Case Report 


A 15-year-old white female had brief episodes of an uncon- 
trollable urge to sleep associated with generalized weakness 
beginning 2 weeks before admission. These occurred three to 
four times each day without forewarning or loss of conscious- 
ness and were associated with transient vertical diplopia. On 
the day of admission the patient reported three attacks of 
generalized weakness and slurred speech. One year earlier, 
she experienced a flulike illness characterized by a mild fever 
and malaise for 10 days. Thereafter, she developed an anterior 
uveitis of both eyes which was responsive to topical steroids. 
Nine months before admission, tinnitus in the right ear was 
followed by a total right sensorineural hearing loss. 

The positive findings on physical examination were bilateral 
conjunctival injection, mild ptosis of the left eyelid, left internu- 
clear ophthalmoplegia, marked neural hypoacusis on the right, 
mild distal quadraparesis, slight left hyperreflexia, equivocal 
plantar responses, poor tandem gait, and mild left-sided ex- 
tremity ataxia. Laboratory examinations were normal, including 
cerebrospinal fluid protein electrophoresis. 

The day after admission, the patient became somnolent and 
demonstrated a mild concomitant left hypertropia interpreted 
as a skew deviation and gaze-evoked downbeat nystagmus. CT 
examination (EMI scanner, 160 x 160 matrix) with 8 mm colli- 
mation through the posterior fossa was performed. Following 
intravenous infusion of 100 ml Renografin-76%, areas of en- 
hancement (30-40 EMI units) appeared in the brain stem extend- 
ing from the pontomedullary junction to the midbrain level (fig. 
1). No associated distortion of the fourth ventricle or hydroceph- 
alus was noted. Findings on cerebral angiography and pneu- 
moencephalography were equivocal, and a conclusive diagno- 
sis of a brain stem mass could not be made. 

The patient was started on steroids (4 mg dexamethasone 
four times daily), and by day 3 of steroid therapy she was no 
longer somnolent. The skew deviation and nystagmus abated, 
and the left ptosis and internuclear ophthalmoplegia improved. 
By the tenth hospital day (7 days after commencement of 
steroid treatment), the neurologic examination was normal 
except for hearing loss on the right. The leading diagnostic 
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possibility, primarily on the basis of the CT scan, was a brain 
stem neoplasm. 

She was discharged on prednisone (50 mg daily) with the 
plan to institute radiation therapy if she worsened clinically 
during gradual drug withdrawal. Eight weeks later plain and 
contrast-enhanced CT scans were normal (fig. 2). Steroids were 
withdrawn, and reexamination 8 months and 14 months after 
hospitalization revealed her to be free of any neurologic signs. 
A repeat CT scan 8 months after discharge was again normal. 


Discussion 


The following diagnoses were considered during the 
course of the patient's illness. A brain stem neoplasm 
was regarded as the most likely diagnosis after the initial 
CT scan and her subsequent response to steroids. The 
most common tumor, a glioma, may also display tempo- 
rary spontaneous remissions of symptomatology [1, 2]. 
Brain stem gliomas, except when very small, are detect- 
able on CT scans [3] because they may enlarge the 
medulla, pons, and/or midbrain. The cisterns around 
the stem become compressed and the fourth ventricle 
displaced. As a result of extravasation of contrast mate- 
rial into the tumor [4] enhancement of a stem glioma 
may occur. Occasionally there is no enhancement [5], 
but usually only when the tumor is small. In these cases 
a pneumoencephalogram may be more sensitive in de- 
tecting a focal mass within the stem. However, even 
with complete radiologic evaluation, a brain stem tumor 
may be missed or falsely diagnosed [3, 5-7]. In our 
patient the combination of findings on the initial CT 
scan, angiogram, and pneumoencephalogram sug- 
gested the possibility of a brain stem mass, but the 
diagnosis of a neoplasm later became untenable as the 
neurologic signs and symptoms resolved and the CT 
scan became normal. Although also ultimately ruled out 
by the clinical recovery, reticulum cell sarcoma was 
considered because of its association with uveitis [8]. 
Isolated involvement of the brain stem with this tumor is 
unusual but may occur [9, 10]. 

Sarcoidosis was considered because of the history of 
uveitis. Sensorineural hearing loss may occur in sarcoid 
[11]. However, an isolated brain stem lesion has been 
reported on only one occasion [12]. 
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Fig. 2.—CT scans 2 months after discharge. Contrast-enhanced scans 
show no abnormalities at fourth ventricular (A) or midbrain (B) levels. 


Multiple sclerosis is the most common cause of brain 
stem dysfunction in young people. Although usually 
bilateral, even a unilateral internuclear ophthalmoplegia 
strongly suggests this entity [13]. The deafness in the 
right ear 9 months previously may have been the initial 
manifestation of the disease [14, 15]. Episodic somno- 
lence is not common in multiple sclerosis [16], and, 
although anterior uveitis occurs [17], it is less common 
than the posterior variety. In multiple sclerosis, CT may 
demonstrate low density periventricular white matter 
lesions [18] which enhance with contrast during an 
exacerbation of the disease [19]; however, this type of 
abnormality in the brain stem has not been reported. 

Acute brain stem encephalitis occurs in association 
with malignancies, viral infections, immunization, al- 
lergic reactions, respiratory infections, and sporadically 
without an obvious antecedent cause [20-22]. This syn- 
drome can present with a variety of clinical manifesta- 
tions and courses. Our patient's illness appeared to be 
relatively short and mild, although the introduction of 
steroids may have significantly altered the progression 
of the disease. Differentiation of encephalitis from a 
neoplasm may be quite difficult in a patient with an 
afebrile progressive deterioration of brain stem function. 
Our initial CT finding of an enhancing lesion has not 
been reported in encephalitis.” The major pathologic 


Fig. 1.—Contrast-enhanced CT 
scans through posterior fossa 1 day 
after admission using 8 mm collima- 
tion. Note areas of enhancement 
within brain stem extending from 
pontomedullary junction (A) through 
pons (B) to lower midbrain level (C) 
with no mass effect on fourth ventri- 
cle. 


finding in most cases of brain stem encephalitis is a 
perivascular infiltrating demyelinating process rather 
than the neuronal alterations characteristic of viral en- 
cephalitis [20, 23]. 

Poser [24] proposed the term disseminated vasculo- 
myelinopathy to encompass brain stem encephalitis and 
other neurologic syndromes comprising a spectrum of 
allergic reactions involving all areas of the neuroaxis, 
peripheral and central. The process begins as a vascu- 
lopathy which may regress or lead to perivascular de- 
myelinization. The lesions may be anatomically re- 
stricted, as in brain encephalitis, or disseminated 
throughout the central nervous system as in acute dis- 
seminated encephalomyelitis [25]. When the peripheral 
nervous system is also involved, terms such as ence- 
phalomyeloradiculoneuropathy could be utilized de- 
scriptively. The Poser concept places the Guillain-Barre 
syndrome at the strictly peripheral nervous system end 
of the vasculomyelinopathy spectrum. The vasculomye- 
linopathies in general and brain stem encephalitis in 
particular are usually monophasic with only occasional 
reports of recurrent episodes [26]. There is no way to 
distinguish clinically the initial episode of anatomically 
restricted multiple sclerosis from brain stem encephali- 
tis. This must await the patient's future course. A brain 
stem vasculopathy leading to changes in vascular 
permeability could explain the marked contrast enhance- 
ment seen on the initial CT scan. With restoration of 
vascular integrity, spontaneously or pharmacologically, 
the associated abnormal contrast enhancement would 
disappear. 

A transient nonneoplastic disorder may radiographi- 
cally mimic a brain stem tumor. This could prompt 
unnecessary institution of radiation therapy, which 
would then be regarded as "curing" the spurious neo- 
plasm. 
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Paradoxic Response to Intraarterial Lidocaine Analgesia 


YORAM BEN-MENACHEM' 


Intraarterial administration of lidocaine is now accepted 
as an effective means of analgesia and vasodilatation in 
angiography of the extremities [1-3]. By virtue of this 
dual action, intraarterial lidocaine greatly contributes to 
the patients comfort while, at the same time, it may 
provide the radiologist with angiographic studies of 
higher quality [1]. As with most drugs, the effects of 
lidocaine vary among patients, and an occasional unu- 
sual response is to be expected. 


Case Report 


A 33-year-old man was admitted with a gunshot wound of 
the left thigh. Routine exploratory angiography of the injured 
area was performed using our standard technique of contralat- 
eral percutaneous femoral artery catheterization, approaching 
the target artery across the aortic bifurcation. A solution of 
contrast medium and lidocaine was used (1.2 mg lidocaine/1 
ml of contrast medium). A 10 ml localizing injection confirmed 
the proper position of the tip of the catheter in the left common 





femoral artery, without spasm due to either the presence of the 
catheter or the power of injection. After 2 min, the first angio- 
gram was performed with an injection of 30 ml contrast-lido- 
caine solution at a rate of 7 ml/sec. No arterial injury was 
demonstrated, but moderate spasm of muscular arteries was 
noted, with a slight delay in arterial flow (fig. 1A). A second 
angiogram was therefore performed, 15 min after the first one, 
with the same dose and rate of injection. Muscular arterial 
spasm was more pronounced than on the first angiogram, and 
blood flow through the superficial femoral artery was much 
slower than before (fig. 1B). 

To rule out the possibility that the delay in superficial femoral 
arterial flow might be the result of partial or complete popliteal 
artery entrapment, the knee was flexed and a third angiogram 
was performed 15 min after the second one, again using the 
same dose and rate of injection. At this time, blood flow 
through the superficial femoral artery was even slower than on 
the previous angiograms, and the spasm of the muscular 
arteries was more pronounced than before (fig. 1C). Total 
lidocaine dose was 120 mg over 32 min. 


Fig. 1.—Selective left common femoral angiography. Progressive vasospasm and slowing of blood flow is demonstrated on three consecutive 
injections of contrast-lidocaine solution (1.2 mg lidocaine/1 ml contrast medium) spaced 15 min apart. A, First injection; at 3.5 sec popliteal artery is 
opacified. B, Second injection; 8 sec required for popliteal opacification. C, Third injection; 12 sec elapsed before popliteal opacification. Spasm of 
muscular branches is slight on first angiogram (A), becoming more pronounced on subsequent angiograms (B and C). 
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Clinically, the skin of the left lower extremity became slightly 
pale, but no weakening of the popliteal or pedal pulses was 
noted. The skin resumed normal color within minutes after 
termination of the procedure. An excellent analgesic effect was 
obtained despite the vasoconstriction. 


Discussion 


Lidocaine is an almost universal vasodilator in animals 
and man [4]; it was described by Kahn and Callow [5] as 
a specific myovascular relaxant. This quality of lidocaine, 
together with its analgesic action, usually allows perfor- 
mance of large bolus angiography without significant 
discomfort to the patient. In our experience, the level of 
analgesia and degree of vasodilatation vary somewhat 
among patients, as expected with any drug effect on a 
biologic system. The variations are apparently irrespec- 
tive of the mode of intraarterial administration (i.e., prior 
to contrast medium injection [3] or in a mixture with it 
[1, 2]). However, the number of patients examined in 
our department using intraarterial lidocaine is still insuf- 
ficient for a statiscally significant analysis. 

The patient described here is the only one in our 
experience in whom the pharmacologic properties of 





lidocaine provided excellent analgesia but at the same 
time induced progressively severe vasospasm. The 
mechanism of this phenomenon is not understood, but 
the possibility of such a paradoxic effect should be kept 
in mind whenever intraarterial lidocaine is used in an- 


giography. 
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Separate Origins of the Left Internal and External Carotid Arteries from the Aorta 


R. NICK BRYAN,!' R. G. DREWYER,? AND WILLIAM GEE? 


One of the rarer anomalies of the brachiocephalic ves- 
sels is absence of the common carotid artery with sepa- 
rate origins of the internal and external carotid arteries. 
In fact, we could not find a complete angiographic 
demonstration of this condition in the literature. We 
describe a patient with separate origins of the left inter- 
nal and external carotid arteries from the aortic arch 
and probable related symptoms. 


Case Report 


A 49-year-old right-handed white female was admitted for 
investigation of possible cerebrovascular disease. A history of 
recurrent left scotomata (2 min in duration) followed by syn- 
cope, as well as six separate episodes of verbal aphasia (each 
15 to 20 min) had been noted over the previous year. No 
cerebrovascular symptomatology had been noted previously. 
Absence of the left carotid pulse had been noted on a prior 
admission in 1972 for myopathy. 

Physical examination showed an apparently healthy female 
with a pulse of 70 and blood pressure 135/86. Left carotid 
pulsation was not palpable. Right carotid pulsation was promi- 
nent and a soft bruit was noted. Left superficial temporal pulse 
was absent. Neurologic examination was normal except for 
slightly decreased ankle jerks bilaterally. Mild weakness of 
neck flexors, deltoids, quadriceps, hip adductors and hamstring 
muscles was attributed to idiopathic myopathy. 

Cervical spine radiography showed mild degenerative 
changes at C5-C6 bilaterally. Serum cholesterol was 335 mg/ 
100 ml and triglycerides elevated at 120 mg/100 ml. Remaining 
laboratory studies were normal. Ocular pneumoplethysmograph 
determination [1] of retinal artery pressure showed decreased 
left carotid perfusion. 

Angiography was performed to evaluate the brachiocephalic 
vessels. The arch aortogram revealed four major vessels arising 
from the aortic arch (fig. 1A). The first vessel was a normal 
innominate artery including right common carotid artery branch 
(fig. 1B). This latter vessel supplied both anterior cerebral 
arteries. The second arch vessel was the left external carotid 
artery (fig. 1C). The third arch vessel was the left internal 
carotid artery supplying mainly the middle cerebral artery (fig. 
2). The fourth arch vessel was a normal left subclavian artery 
with dominant left vertebral branch (fig. 1D). 


Discussion 


Probably the earliest reported case of absence of a 
common carotid artery was that of Malacarne [2] in 
1784. Since then, at least 20 cases have been reported 
[2-21]. Most of these cases are reviewed and summa- 
rized by Lie [22] in an extensive monograph on the 
anomalies of the carotid arteries. The condition occurs 
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with equal frequency on the right and the left. In about 
one-half of the cases, absence of a common carotid 
artery is associated with additional major vascular anom- 
alies. These include double aortic arch [2], right aortic 
arch [8, 11, 18], cervical arch [5, 7, 10-12, 16, 17, 20], 
aberrant right subciavian artery [7], and persistent proat- 
lantal artery [9]. The most common associated anomaly 
is a cervical aortic arch, which occurred in eight cases. 

This malformation is most likely based on atresia of 
the Ill or IV branchial artery plus persistence of the 
ductus caroticus (segment of the primitive dorsal aorta 
between Ill and IV branchial arch artery) on the involved 
side. This supposition is based primarily on the patterns 
of development of the aortic arch and brachiocephalic 
vessels as proposed by Congdon [23], Padget [24], and 
Moffat [25]. In cases similar to that reported here, iso- 
lated absence of the common carotid artery, the malfor- 
mation would be secondary to a persistent ductus caro- 
ticus plus atresia of the Ill branchial artery. In the cases 
with associated cervical aortic arches, the malformation 
would be secondary to a persistent ductus caroticus 
plus atresia of the IV branchial arch. 

The clinical significance of this anomaly is not clear. 
Of the 20 previously reported cases, 11 were found 
postmortem, and little, if any, clinical information was 
reported. Of the nine more recent cases, eight had 
cervical aortic arches associated with the absent com- 
mon carotid artery. In these patients there were symp- 
toms related to the cervical arch (primarily a neck mass), 
but not directly attributable to the abnormal carotid 
origins. The other recent case with clinical history [3] 
had symptoms of arm paresthesias on the involved side 
which were attributed to a cervical rib and thoracic 
outlet syndrome. We assume that this anomaly would 
usually be asymptomatic unless associated with other 
conditions. 

Our patient had clinical symptoms of left cerebral 
hemisphere ischemia and an abnormal ocular pneumo- 
plethysmograph determination which indicated hypoper- 
fusion of the left carotid circulation. The hypoplastic left 
internal carotid artery probably accounts for these find- 
ings, although the kink of this vessel just distal to its 
origin might intermittently produce additional compro- 
mise of flow. The kinking of the internal carotid artery 
may be the result of adherent fibrous bands between the 
abnormal origins of the internal and external carotid 
arteries as described in the cases of Smirnov [21] and 
Schmeidel [19]. 
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Fig. 1.—A, Arch aortogram showing four vessels from arch. 1 = normal innominate artery giving rise to normal right common carotid artery; 2 = 
left external carotid artery; 3 — faintly opacified left internal carotid artery (see fig. 2); 4 — normal left subclavian artery giving rise to normal vertebral 
artery. B-D, Selective angiograms. B, Right internal and external carotid arteries arise from normal innominate artery (A, 1). C, Left external carotid 
artery (A, 2). D, Left vertebral artery arises from subclavian artery (A, 4). 
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Fig. 2. — Selective injection of left internal carotid artery arising directly from arch. A, Right posterior oblique view of thoracic and cervical portions 
of vessel showing kink near origin. Frontal (B) and lateral (C) views of intracranial portion of vessel showing cervical tortuosity, normal bony portions, 


and vessel ending mainly as middle cerebral artery. 


It seems somewhat unusual that, with two exceptions, 
this is the only case of an isolated absent common 
carotid artery with separate origins of the internal and 
external carotid arteries that has been demonstrated 
angiographically. All the previous reports were from 
cadaveric material. This stresses the rarity of the lesion 
and the diligence of the old anatomists in the pursuit of 
anatomic variants. Andrews and Howard [3] probably 
partially demonstrated a similar anomaly on aortogra- 
phy. However, the origins of the internal and external 
carotid arteries were never completely demonstrated, 
and no investigation of the intracranial anatomy of these 
vessels was performed. Another partial angiographic 
demonstration of the lesion was shown by Haughton 
and Rosenbaum [13]. 

From a practical angiographic viewpoint the anomaly 
should be kept in mind when an additional vessel is 
seen originating from the aortic arch. After the aorto- 
gram on this patient, the third vessel off the arch was 
thought to be a large thyroid ima artery or other less 
significant mediastinal vessel. We must admit that this 
"extra" vessel was treated with a great deal more respect 
when it was found to be the left internal carotid artery. 
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Left Inferior Vena Cava 


GEORGE PILLARI,' EDWARD S. WIND,' STANLEY L. WIENER,? AND MURRAY G. BARON' 


Diagnostic and therapeutic indications increasingly de- 
mand ready access to the inferior vena cava; anomalies 
of the structure, although rare, have been listed exten- 
sively by Edwards [1] and Hirsch and Chan [2]. However, 
the description of a solitary left side inferior vena cava 
with radiographic illustration has not been reported to 
our knowledge. References suggest the probability of a 
caval duplication in about 196 of the population, and it is 
also suggested that a solitary left inferior vena cava may 
exist in 0.45% of patients [2]. This brief report illustrates 
the course of a left side cava and its configuration in the 
frontal and lateral projections. 


Case Report 


A 62-year-old female was admitted to the hospital with weak- 
ness, fatigue, and fever of unknown origin; lymphoma was 
strongly suspected. Combined cavography and urography [3] 
were performed as the initial study for evaluation of retroperi- 
toneal nodes. 

Radiography (fig. 1) demonstrated an opacified right com- 
mon iliac vein which crossed to the left hemipelvis and as- 
cended as the inferior vena cava in the left paravertebral region. 
At the L1 level, the inferior vena cava assumed an oblique 
course over the abdominal aorta and entered the right atrium. 
Urography disclosed good function in both kidneys, and the 








Received June 30, 1977; accepted after revision October 31, 1977. 


. Fig. 1. —A, Anteroposterior projection showing solitary left side inferior vena cava. Note 
oblique course over spine at L1-L2 level with entrance to right atrium. B, Cross-table 
lateral projection demonstrating contour distortion of posterior wall of opaque column 
secondary to position of inferior vena cava over abdominal aorta at L1-L2 level. 
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course of the ureters was within normal limits. Subsequently, 
lymphography clearly delineated abnormal nodal architecture 
in the pelvic abdominal nodes, consistent with lymphoma. The 
course of the paraaortic lymphatics was normal. 

At exploratory laparotomy a splenectomy was performed. 
The presence of a left inferior vena cava with the configuration 
described radiographically was confirmed. 


Discussion 


The embryogenesis of this left side inferior vena cava 
relates to a persistence of the left supracardinal vein 
without azygos or hemiazygos continuation [4, 5]. In- 
stead, the embryologic integrity of the prerenal (hepatic) 
segment was maintained, and the left side cava assumed 
a normal entry to the right atrium. 

Knowledge of the anatomic variations of the inferior 
vena cava is important for all diagnostic and therapeutic 
procedures which require opacification or instrumenta- 
tion of this structure. In addition, the configuration of 
the inferior vena cava and its course in the retroperito- 





neum generally provides an anatomic landmark in the 
cross-sectional imaging studies of computed tomogra- 
phy and ultrasonography. 
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Crohn's Disease Presenting with Massive Lower Gastrointestinal Hemorrhage 


GARY A. PODOLNY' 


Microscopic bleeding is common in Crohn's disease, 
but gross blood in the stools is uncommon [1, 2]. This 
report describes a patient who presented with massive 
rectal bleeding. Superior mesenteric angiography re- 
vealed extravasation of contrast material into the intes- 
tinal lumen, in the right lower quadrant. Crohn's disease 
was established as the etiology of this bleeding. To my 
knowledge only two other cases of Crohn's disease have 
been reported in which angiography demonstrated intes- 
tinal extravasation of contrast material [2, 3]. 


Case Report 


A 67-year-old male was admitted with massive rectal bleed- 
ing. Two weeks earlier he had noted a small amount of blood in 
the stool, but there had been no recurrence. On the day of 
admission he awoke with gross rectal bleeding and felt weak. 
In the emergency room, he was given plasma and whole blood 
but the bleeding continued. The hemoglobin level dropped 
from 11 to 7.9 g. There was no history of pain, diarrhea, 
anorexia, malaise, fever, or perirectal disease. 

Superior mesenteric angiography showed extravasation of 
contrast material into the intestinal lumen (fig. 1). The findings 
were felt to be compatible with a bleeding colonic diverticulum. 
The bleeding was clinically and angiographically controlled 
with an infusion of vasopressin (0.2 U/min). However, after 12 
hr the bleeding recurred. 

At laparotomy, the distal 61 cm of terminal ileum was mark- 
edly thickened, as was the adjacent mesentery. The remainder 
of the abdominal contents, including the small intestine proxi- 
mal to the distal ileum, was normal. The distal ileum and 
ascending colon were resected, and a primary anastomosis 
was accomplished. The patient had an uneventful postoperative 
course. 

Pathologic examination of the cecum and ascending colon 
showed several small benign adenomatous polyps with intact 
mucosa. No colonic diverticula were identified. The resected 
ileum showed classic changes of Crohn's disease (fig. 2). It 
was dusky and had a smooth glistening serosal surface. The 
wall was markedly thickened and the mesentery was indurated. 
The lumen of the small bowel was filled with blood. The mucosa 
was thickened and ulcerated with a cobblestone appearance. 
Microscopic examination of the specimen revealed some hyper- 
vascularity, dilatation of the submucosal lymphatics, and trans- 
mural inflammatory disease (fig. 3). Although a single bleeding 
point was not identified, hemorrhage presumably originated 
from the diffusely ulcerated ileal mucosa. 


Discussion 


Angiographic studies in the acute phase of Crohn's 
disease have demonstrated hypervascularity with arterial 
dilatation, a dense capillary phase, and early venous 
filling [4-7]. There was no definite angiographic demon- 
stration of hypervascularity in the present case. How- 
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ever, the microscopic sections demonstrated hypervas- 
cularity and dilatation of the submucosal lymphatics 
(fig. 3). It is somewhat surprising that clinically active 
bleeding is rare in Crohn's disease. 

| was able to find only two other reported cases of 
Crohn's disease in which angiography demonstrated 
intestinal extravasation of contrast material [2, 3]. In one 
case the bleeding was into the lumen of the descending 
colon, as demonstrated by inferior mesenteric angiogra- 
phy [3]. The angiographic findings in the second case 
[2] are almost identical to those presented here. A 
superior mesenteric angiogram showed extravasation of 
contrast material into the lumen of the bowel, in the 
right lower quadrant, from a branch of the ileocolic 
artery. This case was one of seven with Crohn's disease 
and massive bleeding from a series of 503 patients with 
Crohn's disease undergoing treatment over a 43 year 
period. Only two of those seven cases initially presented 
with massive bleeding, and neither underwent angiogra- 
phy. The addition of these seven cases brings the num- 
ber of reported cases of Crohn's disease and massive 
bleeding to 26 [2]. Massive bleeding was the initial 
symptom in one-fifth of these 26 cases [2]. The patient 
described here is apparently the first in whom the initial 
clinical event was massive bleeding and in whom angiog- 
raphy showed intraluminal extravasation of contrast ma- 
terial. 

The usefulness of arterial vasopressin therapy has 
been demonstrated in ulcerative colitis [B] and should be 
helpful in controlling massive hemorrhage in Crohn's 
disease. Such therapy was temporarily useful in the 
present case, during which time the patient's condition 
stabilized. 

In the present case, the extravasation of contrast 
material occurred in the right lower quadrant. This 
caused some difficulty in interpretation, since right-sided 
colonic diverticula are the most common cause of intra- 
luminal extravasation of contrast material in this location 
[9]. Difficulty in interpretation might have been avoided 
if the colon had been insufflated with air prior to contrast 
injection. 

The possibility of Crohn's disease should therefore be 
considered in patients with massive rectal bleeding and 
angiographically demonstrable intraluminal extravasa- 
tion. 
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Fig. 1.—A, Selective superior mesenteric arteriogram showing early extravasation of contrast material from branch of ileocolic artery (arrow). B. 
Venous phase showing persistent extravasation within intestinal lumen (arrow). 








Fig. 2.— Surgical specimen of distal ileum, cecum, and ascending 
colon. Note typicai cobblestone appearance of Crohn's disease. Cecum Fig. 3.—Microscopic section (x20) of terminal ileum showing ulcera- 
and ascending colon contain multiple benign adenomatous polyps (ar- tion of mucosa (arrowhead), increased vascularity (arrows), dilation of 
rows) with intact mucosa. submucosal lymphatics, and transmural inflammation. 
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Lymphangiographic Detection of Scalene Node Metastases from Cervical Carcinoma 


ALAN D. STEINFELD''? AND DONALD S. WEINSTEIN':? 


The ability to cure squamous cell carcinoma of the 
cervix is related to the stage of the disease. Both the 
FIGO and UICC systems of staging use clinical examina- 
tion and commonly available x-ray studies (chest x-ray, 
excretory urography, and bone survey) to classify the 
patient. The bipedal lymphangiogram has successfully 
been used to supplement the evaluation of these pa- 
tients. Piver et al. [1] demonstrated a true positive rate 
of 77% and a false negative rate of 20%. Morton et al. 
[2] reviewed a number of surgical series and reported 
positive pelvic lymph nodes in 16%, 32%, and 47% of 
patients with stage |, ll, and lll cervical carcinoma, 
respectively. 

The usual route of nodal metastasis for squamous cell 
carcinoma of the cervix is first to the obturator, hypogas- 
tric, and common iliac nodes and then to the paraaortic 
nodes. It is in an attempt to find metastatic disease in 
these areas that bipedal lymphangiography is under- 
taken. Recently we have seen a patient with squamous 
cell carcinoma of the cervix in whom an abnormal left 
supraclavicular node was seen on bipedal lymphangiog- 
raphy. 


Case Report 


A 32-year-old gravida 0 Caucasian woman noted intermen- 
strual vaginal bleeding 1 month before seeing a physician. She 
denied pelvic pain, weight loss, and bowel or bladder symp- 
toms. Past medical history was noncontributory. Family history 
revealed that her father died of lymphosarcoma and that her 
maternal grandmother and a paternal grandaunt had carcinoma 
of the cervix. The patient had no history of tuberculosis or 
upper extremity abscess. 

Physical examination revealed no palpable supraclavicular, 
cervical, axillary, or inguinal adenopathy. The lungs were clear 
to auscultation and the heart and breasts were normal. Abdom- 
inal examination revealed no organomegaly or masses. Pelvic 
examination revealed a normal vulva and vagina. The cervix 
was 4 cm in diameter and showed an ulceration extending from 
the 4 o'clock to the 8 o'clock sector. Bimanual examination 
revealed extension of the tumor into the right vaginal fornix 
and right parametrium, making her clinical stage IIB. Biopsy of 
the cervix showed squamous cell carcinoma. 

Blood studies and urinalysis were normal. Liver function 
tests as well as chest x-ray, excretory urogram, and barium 
enema were also normal. Proctoscopy and cystoscopy revealed 
no evidence of disease. 

The patient underwent bipedal lymphangiography. Nodes 
interpreted as containing tumor were seen in the right and left 
iliac regions. Additionally, there was filling of the left supracla- 
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vicular and axillary nodes. The most medial of the supraclavicu- 
lar nodes was suspected of containing tumor (fig. 1). In light of 
the abnormal lymphangiogram, the patient underwent a scalene 
fat pad biopsy. A 2 cm lymph node containing metastatic squa- 
mous cell carcinoma was found. The patient was referred for a 
course of radiation therapy. 


Discussion 


Lymphangiography is being used routinely in many 
institutions in the evaluation of patients with carcinoma 
of the cervix [1, 3]. Ketcham et al. [4] reported a series 
of 84 consecutive patients who they considered as hav- 
ing clinically operable carcinoma of the cervix. Of these 
patients, 13% demonstrated metastatic tumor in scalene 
lymph nodes on routine left scalene fat pad biopsy. A 
more recent study [5] has suggested that in stages Ill 
and IV carcinoma of the cervix there is a 20% incidence 
of cervical node involvement, and when paraaortic nodes 
are involved, 50% of the patients were found to have 
positive scalene nodes at the time of biopsy. In none of 
these reported cases were clinically palpable supracla- 
vicular nodes present. 

Left supraclavicular nodes will be opacified during 
bipedal lymphangiography in approximately 40% of 
cases [6]. No evidence could be found in the literature 
to suggest that the normal morphology of supraclavicu- 
lar lymph nodes differs from that of other lymph node 
groups. We believe the lymphangiographic criteria for 
metastatic disease in carcinoma of the cervix as reviewed 
by Piver et al. [1] can be applied to supraciavicular as 
well as pelvic and paraaortic nodes. With the increasing 
use of this modality in the staging and treatment plan- 
ning of carcinoma of the cervix, it is expected that 
involvement of supraclavicular nodes would be appreci- 
ated in a significant number of cases. In a review of the 
literature we found only a passing reference to a single 
case in which involvement of supraclavicular nodes was 
diagnosed lymphangiographically [1]. 

The present case underscores the need for obtaining 
films of all opacified nodal areas as well as close scrutiny 
of these nodes, particularly those in the supraclavicular 
group. One of us (A. D. Steinfeld) has recently seen a 
patient who presented with a left supraclavicular lymph 
node 2 years after having a stage || squamous cell 
carcinoma of the cervix treated. Biopsy of the node 
revealed metastatic carcinoma. The original lymphangio- 
gram was interpreted as positive in the pelvis. On review, 
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Fig. 1. —Opacified left supraclavicular and axillary nodes. Most medial 
node shows defect in lateral border. 


opacified nodes, interpreted as containing tumor, were 
seen in the left supraclavicular region as well. Not only 
are the supraclavicular nodes readily biopsied with min- 
imal morbidity, but proven involvement will significantly 


alter the prognosis and treatment planning [4, 5]. In our 
patient the plan of radiation therapy was modified to 
include the paraaortic and left supraclavicular regions 
as a result of the positive lymphangiogram. 
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Television Display Synchronization Artifact 


JAMES WINTER' 


Television display of radiographic images is becoming 
more common in computed tomography, ultrasound, 
thermography, and nuclear medicine [1]. Photographs 
are usually made from the television display for a per- 
manent record. However, most cameras supplied by 
medical equipment manufacturers for making such pho- 
tographs do not synchronize the exposure with the 





Fig. 1.— Television synchronization artifact appears as randomly lo- 
cated dark band (A) or light band (B and C) when slightly mistimed rapid 
exposure fails to capture exactly one sweep. A, Slightly less than '/so sec 
f 3.5. B and C, Slightly longer than '/so sec, f 3.5. Band is diagonal (C) 
when horizontal motion focal plane shutter shows vertical sweep of 
television. D, Lengthened exposure time (1 sec, f 16, same monitor 
brightness setting) avoids the artifact without noticeable change in 
image sharpness. 
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sweep of the television display. This lack of synchroni- 
zation may cause artifacts on the photographs (fig. 1). 

Although not noticeable, the television process re- 
freshes an image on the screen 30 times each second by 
showing alternate scan lines in two passes. A nonsyn- 
chronous camera rarely has the camera shutter open for 
precisely the '/so sec sweep of the image on the television 
screen because this requires precise electronic shutter 
control. For example, a nominally '/so sec exposure is 
often slightly longer or shorter than the time for one 
sweep. A slightly short '/so sec exposure omits every 
other scan line over part of the picture, resulting in a 
randomly located dark band (fig. 1A). A slightly long '/so 
sec exposure duplicates every other scan line over part 
of the picture, causing a randomly located bright band 
(fig. 1B). The artifact appears as a horizontal band with 
cameras using leaf shutters or vertical motion focal 
plane shutters (figs. 1A and 1B), but as a diagonal band 
with horizontal motion focal plane shutters (fig. 1C). The 
diagonal band results from the horizontal shutter mo- 
tion capturing the vertical sweep of the television as it 
moves down the screen. 

Instead of attempting to synchronize the shutter with 
the television, it is easier to open the shutter long 
enough to capture many sweeps of the image so that 





Fig. 2.—Blurring due to improper focusing (A) is markedly reduced 
(B) by decreasing lens aperture to increase depth of field. A, 1 sec, f 3.5, 
with neutral density filters. B, 1 sec, f 16, no filters, focus unchanged. 
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any fractional sweep is not significant. For example, a 
slightly long, nominally 1 sec exposure will expose all of 
the picture 30 times and part 31 times on alternate scan 
lines, and no distracting artifact will result (fig. 1D). 
Lengthening the exposure may either sharpen or blur 
the photographs. However, the effects should be small 
if high quality television monitors and camera lenses are 
used and if the camera is precisely focused. Blurring 
will result if the electron beam in the television tube 
does not exactly retrace the same path on successive 
sweeps. A sharper image may result from the smaller 
lens opening used to compensate for the lengthened 
exposure time, because this increases the depth of field 
(fig. 2) and allows the entire curved face of the television 
screen to be in focus. Longer exposure times also permit 


the television monitor brightness settings to be reduced, 
which contributes to image sharpening. 

Sharp, artifact-free photographs of television displays 
depend either on the use of a synchronized camera or 
on a careful compromise among exposure time, lens 
opening, and monitor brightness. 
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Double Exposure Technique for Demonstration of Osseous and Pulmonary Structures 
on a Single CT Film 


GIL S. BORLAZA,' ROBERT SEIGEL, BETTY FISCHER, AND LAWRENCE R. KUHNS 


Marked differences in linear attenuation coefficients 
among lungs, soft tissue, and bony thorax necessitate 
viewing CT scans of the thorax at relatively wide window 
settings and variable window levels. Bony and soft tissue 
structures may best be seen at window levels near water 
density (0 window level), while pulmonary parenchyma 
and vascularity are best appreciated at much lower 
window levels (—300 window level). Hard copy on Pola- 
roid or multiformat camera has required two pictures for 
each CT section to adequately demonstrate all tissue 
structures [1]. 

We have developed a double exposure, single image 
technique clearly delineating lung, soft tissues, and bony 
structures on one film. In addition, this technique has 
an added benefit of edge enhancement not appreciated 
on routine filming at either low or high window levels. 


Double exposure images may be obtained from any 
cathode ray tube unit as long as a reverse mode is 
available. The technique involves the following process: 
(1) first exposure at 400 window width, 0 window level, 
normal image mode; and (2) second exposure at 400 
window width, —300 window level, reverse image mode 
on the same film as in (1). These exposures may be 
taken in any order as long as the negative window level 
is exposed in reverse mode. 

A Polaroid reproduction of the thorax at settings to 
demonstrate osseous structure is shown in figure 1A, 
and figure 1B is a film of the same CT image at window 
settings to show pulmonary structure. Figure 1C com- 
bines the two images as a double exposure on a single 
Polaroid film. Note that osseous structure and pulmo- 
nary metastases are well delineated on this double ex- 





Fig. 1.—Patient with metastatic hypernephroma. A, Polaroid reproduction of thoracic CT scan taken at window settings to show bone structure. 


Two calcified granulomata are seen. B, Polaroid film of same CT image as in A except that lower window level is used to delineate pulmonary 
structures. C, Photograph of same thoracic CT slice using double exposure technique to demonstrate osseous and pulmonary structures on same film. 





Fig. 2.— Patient with metastatic bronchogenic carcinoma. A, Scan showing rib destruction. B, Reproduction of same CT scan with lower window 
level showing pulmonary parenchyma. C, Double exposure technique showing osseous destruction and extrapleural mass on same film 
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posure, and edge enhancement is pronounced. A sec- 
ond example of this technique which illustrates the value 
of delineating osseous structure is shown in figure 2. 
We now use this technique routinely to reproduce 
thoracic CT scans since the density difference between 
lung and bone is so pronounced. This technique has 
occasionally been of value for imaging other body parts 


where large differences in tissue density exist or where 
edge enhancement is required. 
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Compression in Specimen Xeromammography 


GLORIA FRANKL' 


The importance of compressing the breast during xero- 
mammography has been stressed; compression is nec- 
essary to separate structures [1]. A case is reported 





Fig. 1. —Craniocaudal (A) and mediolateral (B) views showing small 
spiculated and invasive-appearing mass (arrow). 


which demonstrates the significance of compression in 
specimen radiography as well. 


Case Report 


D. C., a 69-year-old nulliparous female, was referred for 
study because of pain in both breasts. Physical examination 
was normal. Xeromammography demonstrated a tiny spiculated 
mass in the upper outer quadrant of the right breast (fig. 1). 
This mass could not be palpated by the surgeon; therefore, a 
specimen was submitted for xeroradiographic analysis after 
excision of the suspicious area. 

The mass was not delineated on the initial specimen radio- 
graph (fig. 2A), although technique was excellent. Because the 
surgeon was confident that he had excised the correct area, 
the breast tissue was compressed in an effort to simulate actual 
in vivo conditions. The specimen was overlaid by a Bausch and 
Lomb reading glass 12.7 cm in diameter. (This magnifying lens, 
probably available in all mammography departments, works 
well as a weighted compression device. If the tissue is more 
than 12.7 cm in diameter, it can be overlaid with a piece of 
ordinary kitchen plastic wrap and then compressed with the 
usual mammographic compression device.) Compression was 
therefore applied to the tissue, and the resultant specimen 
xeroradiograph clearly demonstrated the mass (fig. 2B). The 
lesion was marked and the tissue submitted to the pathologist, 
who reported intraductal carcinoma. Subsequently, two more 
cases have corroborated the importance and benefit of 
compression in specimen xeroradiography. 





Fig. 2.—A, Specimen radiograph without compression. Mass lesion is not visible. B, S 
lesion (arrow). 





Received August 11, 1977; accepted after revision October 31, 1977. 


pecimen radiograph with compression clearly showing mass 


' Department of Diagnostic Radiology, Kaiser-Permanente Medical Center, 1505 North Edgemont Street, Los Angeles, California 90027. 


Am J Roentgenol 130:377-378, February 1978 
€ 1978 American Roentgen Ray Society 





377 


0361-803X/78/0200 — 0377 $02.00 











378 TECHNICAL NOTES 


Discussion 


It is presumed that the specimen image is improved 
with compression because the tissue surface becomes 
smooth and there are fewer irregular tissue-air interfaces 
with resultant edges and deletions. Compression has 
enabled delineation of masses which were not otherwise 


seen in breast specimen xeroradiographs. Therefore, it 
is recommended that compression be routinely used in 
conjunction with specimen xeromammography. 
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Erratum 


In the paper "Angiodysplasia of the Right Colon: A Cause of Gastro- 
intestinal Bleeding" by Baum et al. (129:789-794, November 1977), the 
correct magnification for the histologic section (fig. 4D) is x400. 








Technology Utilization Program: Application of 
Optical Instrumentation in Medicine VI 


Application of Optical Instrumentation in Medicine VI was 
held in Boston, Massachusetts, September 25-27, 1977. The pro- 
ceedings were presented jointly by the Society of Photo-Optical 
Instrumentation Engineers and the Society of Photographic Scien- 
tists and Engineers.  Cosponsor was the Bureau of Radiological 
Health, Food and Drug Administration.  Cooperating societies 
were the American Roentgen Ray Society and the Society for Radio- 
logic Engineering. 

Abstracts are arranged alphabetically within eight sections: 
Laboratory/Clinical Interface in Image Evaluation, Sensitometry 
Up-Date, Screen Film Systems and Photosensitive Materials, 
Approaches to Equipment Service, Equipment Specification and Per- 
formance Evaluation, New Developments in Medical Imaging, Quality 
Control in Medical Imaging, Performance Characteristics of CT 


Scanners, and Joint Session with the American Roentgen Ray Society. 


Proceedings are available from: The Society of Photo-Optical 
Instrumentation Engineers, P.O. Box 10, Bellingham, Washington 
98225. 


CONTENTS 


LABORATORY/CLINICAL INTERFACE IN IMAGE EVALUATION 


Can Diagnostic Examinations Be Effectively Modeled 

Comparison of Laboratory and Clinical Evaluations of Mammographic 
Screen-Film Systems 

Controllable Parameters of Nuclear Medicine Images 

Cost-Effectiveness Considerations in the Evaluation of a New 
Technology 

Critical Assessment of Imaging Parameters and Clinical Relevance 
for Magnification Skeletal Radiography 

Evaluation of Gallbladder Imagings by Use of Radiographic Magnifi- 
cation Technique 

Image Noise and Smoothing in CT Scanners 

A Methodology for Comparison of Radiologic Images from Different 
Screen/Film Combinations Based on Radiologists' Subjective 
Judgments 

An Overview of Some Measures of Image Quality 

Radiologic Decision Making and Physical Image Properties 

Visual Perception Limits in Angiography 


SENSITOMETRY UP-DATE 


The D-Log E Curve and Its Relationship to Lesion Contrast and Re- 
quired Photon Count Densities for Medical Images 

A New ANSI Screen-Film-Processing Sensitometry Standard 

Sensitometry in Computerized Tomography 

Sensitometry in Medical Imaging 

A Study of Some Factors Influencing Film Choice for Nuclear Images 


SCREEN FILM SYSTEMS AND PHOTOSENSITIVE MATERIALS 


An Analysis of Film/Screen Combinations and Patient Exposures 
from NEXT 

Equivalent Blur of Intensifying Screens 

A Free Response Approach to the Measurement and Characterization 
of Radiographic Observer Performance 

Information Content and Contrast of Rare-Earth and Calcium Tung- 
state Intensifying Screens 

Reciprocity Law Failure in Green Sensitive X-ray Films 

Status Report. A Standard Method for Determing the Efficiency of 
Fluorescent X-Ray Intensifying Screens 


APPROACHES TO EQUIPMENT SERVICE, EQUIPMENT SPECIFICATION AND 
PERFORMANCE EVALUATION 


Àn Alternative to Vendor Supplied Service 

Developing a New Job Classification with In-House Radiological 
Engineering: The Radiologic Electronic Specialist 

The Effect of Electron Evaporation on X-Ray Tube Current 

Equipment Acquisition Procedures 

An In-Depth Study of Fluoroscopic Spot Film Camera Systems 

Performance Evaluation of the Falling Load Technique 

A Systems Approach to Acceptance Testing of Diagnostic X-Ray 
Equipment 

Variation of X-ray Tube Potential as a Function of Attenuator 
Thickness in kVp Variable Automatic Brightness Stabilization 
Fluoroscopy 


NEW DEVELOPMENTS IN MEDICAL IMAGING 


A Diazotype Radiographic Duplicating System with Application as a 
Diagnostic Aid 
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A Digital Video Acquisition System for Extraction of Subvisual 
Information in Diagnostic Medical Imaging 

A Novel Proximity X-ray Image Intensifier Tube 

Semiquantitative Empirical Approach to Optical Transform Method 
for Pathological Differentiation of Human Blood Cell Smears 

X-ray Beam Filtration for Mammography 


QUALITY CONTROL IN MEDICAL IMAGING 


Activities of the American Association of Physicists in Medicine 
and the American Institute of Ultrasound in Medicine in Ultra- 
sound Instrument Performance Evaluation 

Economic Analysis of a Quality Control Program 

A Method of Processor Control Utilizing Refrigerated Pre-exposed 
Control Strips and Visual Comparative Densitometry 

Methods and Results from a Quality Assurance Survey of Diagnostic 
Ultrasound Equipment in the Washington, D.C. Area 

Need for Ultrasonic Tissue Equivalent Test Objects for Routine 
Performance Checks of Pulse-Echo Equipment 

The Physician's Need for Standardization of Ultrasonic Instrumenta- 
tion 

A Proposed Recommendation for Quality Assurance Programs in Diag- 
nostic Radiology Facilities 

Pulse-Echo Ultrasonic Transducer Standardization and Quality 
Control 


PERFORMANCE CHARACTERISTICS OF CT SCANNERS 


A Comparison of the Number of Rays vs the Number of Views in 
Reconstruction Tomography 

Comparison of Translate-Rotate and Pure Rotary CT Body Scanners 

Data Processing of Dual-Energy Scans 

Detectability in the Presence of CT Reconstruction Noise 

Evaluation of Several X-ray computerized tomographic scanners 

Geometrical Limitations of CT Scanner Resolution 

Radiation Dosimetry in Computed Tomography (CT) 


JOINT SESSION WITH THE AMERICAN ROENTGEN RAY SOCIETY 


Densitometric Evaluation of Myocardial Contrast Accumulation 

Detection Accuracy in Chest Radiography 

Image Quality in Computerized and Conventional Tomography in the 
Assessment of Craniofacial Anomalies 


LABORATORY/CLINICAL INTERFACE IN IMAGE EVALUATION 


Can Diagnostic Examinations Be Effectively Modeled: 
(Univ. of Southern California, Los Angeles, CA 90007) 
There is a mystique associated with diagnostic radiology 
that discourages the use of analysis as a means of understanding 

and improving radiological examinations. While it is true that 
intuitive manipulation of the generators and detectors that are 
available can lead to satisfactory optimizations, it is also true 
that the equipment that is available may not necessarily have the 
correct characteristics. Far better optimums may be possible 
with equipment of different, but state of the art, capabilities 
or characteristics. This paper presents two cases of modelings 
for mammography that are examples of this situation. It remains 
to be established whether or not the modeling has diagnostic 
significance. However, since the conclusions appear to be 
significant it seems important to pursue such projects. To 
accomplish this, it is required to generate information and data 
that can be useful to the modelings. The extensive imaging 
research that has recently occupied many diagnostic radiological 
physicists is only part of the necessary information. More 
emphasis needs to be given to research that is useful in helping 
to describe the details of the x-ray photon image. One of the 
examples of modeling that is discussed is related to signal to 
noise ratios for the detection of calcifications in mammography. 
The other is a study of contrast in magnification mammography. 


Muntz EP, 


Comparison of Laboratory and Clinical Evaluations of 


Mammographic Screen-Film Systems: Sickles EA, 
Genant HK, Doi K (Univ. of California, San Francisco, 
CA 94143) 


The widely used DuPont Lo-dose mammography screen- 
film system was compared with four combinations of 
higher efficiency screens and single-emulsion films. 
Laboratory comparisons of the basic image properties 
(resolution, noise, contrast) of all these screen- 
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film combinations were made both qualitatively 
(images of microwire meshes, tiny plastic beads, 

step wedges) and quantitatively (modulation transfer 
functions, Wiener spectra, step wedge optical density 
differences). Subjective single-blind estimations 

of resolution, noise, and contrast were also made 
directly from the mammograms of 100 consecutive 
patients radiographed with each of the five screen- 
film combinations. Both laboratory and clinical 
evaluations of image quality showed strikingly 
Similar results: improved contrast, minimally 
reduced resolution, and varying degrees of increased 
noise for each of the high efficiency recording 
systems. Similarities between the results of 
laboratory and clinical studies should help to 
establish the clinical relevance of the laboratory 
analyses, and recognition of the relative precision 
of the clinical evaluations should allow for their 
use in place of laboratory studies when sophisticated 
physics support is not available. 


Controllable Parameters of Nuclear Medicine Images: Patton DD, 


(University of Arizona Health Sciences Center, Tucson, AZ 85724) 


Controllable parameters of nuclear medicine images include 
the number of counts in the image, the signal-to-noise ratio, 
film gamma, contrast, viewing distance, image manipulation, and 
decision strategy. Image quality improves with increasing count 
density up to a point, past which additional readability is 
traded off against patient motion, field and film non-uniformity, 
and loss of contrast at high count density. 

Correct viewing distance is important for visual response. 
The eye acts as a band-pass filter, perceiving objects with 
greatest sensitivity when the object occupies between 5 and 10 
minutes of visual arc. Optimum viewing distances vary from 30 cm 
to 3m. 

The sensitivity of scans of "homogenous" organs can be 
increased by comparing the observed fluctuation in count rate 
with the expected fluctuation. Work still in progress suggests 
a reduction in false negative liver scans in patients with wide- 
spread fine metastases, even when the scan appeared to be homo- 
genous to the naked eye. 

A decision strategy can be used to optimize the overall 
utility of reading images, depending on the distribution of 
count density in normal and abnormal areas and on the penalty 
of false negative and false positive outcomes. A new utility 
model and physician-computer interactive interface are discussed. 


Cost-Effectiveness Considerations in the Evaluation of 
a New Technology: McNeil BJ (Harvard Medical School, 
Boston, MA. 02115) 


The introduction of new diagnostic tests and the 
excessive use of existing tests have come under in- 
creasing scrutiny today for two reasons; first because 
of the rapid increase in the Gross National Product 
devoted to health care, and second because of the 
rapid promulgation of technological devices used for 
both diagnostic and therapeutic purposes. In this 
paper we shall examine medical technology and diagnos- 
tic procedures as they affect costs for health care 
and long and short term health outcomes. This will be 
done at the hands of a general model for measuring 
health and financial values associated with diagnostic 
medicine. This model will be illustrated in detail 
through examples related to the computed tomographic 
scanner. 


Critical Assessment of Imaging Parameters and Clinical Relevance 
for Magnification Skeletal Radiography: Genant HK, Doi K, Mall 
JC, and Sickles EA (Univ. of Calif., San Francisco, 94143). 


We have examined magnification radiography, quantitatively 
and qualitatively, and have compared it with conventional contact 
radiography for skeletal use. Four radiographic techniques were 
studied. For thin parts, the magnification technique consisted 
of 3X geometric magnification using a nominal 0.1mm focal spot 
(RSI MFT-1), with the DuPont Lo-dose recording system. The con- 
ventional technique consisted of contact exposure using a nominal 
1.2mm focal spot, with non-screen Kodak RP fílm. For thick parts, 
the magnification technique employed Trimax Alpha-4/XD, and the 
conventional technique employed DuPont par screens with RP film. 

Quantitative analysis consisted of measurements of MTFs, 
Wiener Spectra, sensitometry, dosimetry and scattered radiation. 
The clinical assessment consisted of an analysis of 215 examina- 
tions performed on 130 patients. For each examination, both con- 
ventional and magnification radiographs were obtained; these were 


compared and read simultaneously by two radiologists to determine 
differences in diagnostic information on the two examinations. 

The results of the quantitative and semi-quantitative studies 
showed that the selected magnification techniques (though not op- 
timized) were superior to the comparison conventional techniques 
for both thin and thick parts. The importance of assessing all 
three major components of image quality, i.e., resolution, noise 
and contrast, was apparent. From the dosimetry measurements, it 
was found that the magnification technique resulted in relatively 
high skin dose, though total body irradiation was only slightly 
greater than with conventional radiography. 

The superior imaging potential of magnification was borne 
out by an improved diagnostic capability in assessing metabolic, 
arthritic, and infectious disorders. In these cases, small, 
subtle abnormalities of clinical importance were present at bone 
surfaces or at host-lesion interfaces. When gross abnormalities 
were present, as in most cases of trauma, bone dysplasia, and 
advanced-disease states, findings were obvious by conventional 
radiography and magnification was unnecessary. 

This study underscores the advantages of magnífication skele- 
tal radiography, and provides impetus for further delineation and 
optimization of imaging parameters and clinical applications. 


Evaluation of Gallbladder Imagings by Use of Radiographic Magnifi- 
cation Technique*: Doi K, Imhof H (Dept. of Radiology and The 
Franklin McLean Memorial Research Institutet, Univ. of Chicago, 
950 E. 59th St., Chicago, IL 60637) 


In a recent publication, we have shown from the studies of 
basic imaging properties and phantom radiographs that the use of 
radiographic magnification with an ultra high-speed rare-earth 
screen-film system can improve the visibility of small radio- 
graphic objects and/or can reduce the patient exposure. This im- 
provement is possible due to the combined effects of magnification 
technique and of the ultra high-speed of the new screen-film sys- 
tem. Although the quantum mottle in the rare-earth system is 
extraordinarily high, the effective noise is reduced substantially 
by the magnification, and although with the magnification geometry 
the distance between the surface of the patient and the x-ray tube 
is short, the skin dose is reduced considerably by use of the 
ultra high-speed system. 

In this study we have applied this magnification technique to 
oral cholecystography and the results are compared with a conven- 
tional technique. Results of phantom radiographs and clinical ex- 
aminations including the evaluation of the patient exposure are 
discussed. 

Our magnification technique employs Alpha 8-XM screen-film 
system and 200 micron focal spot at 2X magnification, whereas the 
conventional contact technique uses Par-RP system. Basic imaging 
properties and phantom studies indicated that the image quality 
obtained with the magnification is comparable to or better than 
that of the conventional technique. From clinical studies of de- 
tecting gallstones, the conventional technique revealed 17 true 
negative and 5 true positive cases, and 2 false negatives and 1 
false positive cases. However, the magnification technique pro- 
vided 18 true negative and 7 true positive cases, but no false 
case. In addition, the skin dose to the patient with the magni- 
fication was reduced in approximately one-half of the conventional 
contact technique. 


*Supported by USPHS Grant GM 18940. 


TOperated by the Univ. of Chicago for the USERDA under Contract 
EY-76-C-02-0069. 


Image Noise and Smoothing in CT Scanners: Joseph PM 
(Columbia-Presbyterian Medical Center, New York, N.Y. 


10032) 


The question of what spatial frequency response 
gives optimum image quality in Computed Tomography (CT) 
images was studied. We have developed a technique for 
smoothing these images by using a modified back pro- 
jection filter with attenuated high frequency response. 
The results are images with a blurred appearance but 
dramatically reduced image noise. On processing raw 
data from the EMI head scanner in this way, grey and 
white matter distributions are clearly visualized with 
no increase in radiation dose. 


These results are analyzed in terms of the Weiner 
spectrum and correlation properties of CT noise. In 
particular, a "noise equivalent aperture" is defined 
in a way analogous to that of Shade. It is shown 
that the prediction of the simple Rose model of noise 
sampling can not explain the improvement produced by 
smoothing, even when the correlated character of the 
noise is taken into account. 
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A Methodology for Comparison of Radiologic Images from Different 


Screen/Film Combinations Based on Radiologists' Subjective 
Judgments:  Thornbury JR, Fryback DG, Patterson FE, Chiavarini RL 
(Univ. of Michigan, Ann Arbor, MI 48109) 


A method using radiologists' subjective judgments was 
developed to compare the quality of the diagnostic image infor- 
mation from two different screen/film combinations (Hi Plus/RPL 
versus Lanex/Ortho G). A sample of 148 comparison film pairs was 
obtained in the course of performing 74 urograms using the two 
film/screen combinations. Each film pair was evaluated by three 
radiologists, using a blind film reading format, with regard to: 
1) anatomic diagnostic criteria visualization; 2) radiologist's 
diagnostic certainty; 3) presence or absence of quantum mottle; 
and 4) prediction of which film of a pair was the rare earth 
screen/film combination. 


There was a significant difference favoring Hi Plus/RPL in 
perceived quality of visualization of anatomic criteria. 
However, the difference was more statistical than of practical 
importance. Diagnostic certainty differed only marginally and 
slightly favored the Hi Plus/RPL combination. No significant 
differences in perception of quantum mottle were attributable to 
either screen/film combination.  Radiologists were able to 
correctly identify the screen/film combination a significant 
proportion of the time. 


From a practical standpoint, it was concluded that film 
images from the Lanex/Ortho G combination provided urographic 
diagnostic information of equal quality to that from the Hi Plus/ 
RPL combination. The advantage of the Lanex/Ortho G combination 
was that it provided diagnostic information at a radiation dose 
to the patient averaging about one-half of that required by the 
Hi Plus/RPL combination. 


An Overview of Some Measures of Image Quality: Metz CE 
(Univ. of Chicago, Chicago, IL 60637) 


Descriptors of image quality proposed to date can be 
sorted rather neatly into three categories: 

(1) Physically measureable functions that describe a 
single aspect of the imaging properties of an imaging system 
or subsystem, such as resolution (PSF, LSF, OTF, MTF) or noise 
(Autocovariance, Wiener Spectrum). 

(2) Numbers or functions which attempt to provide some 
correlate with image quality by distilling and/or combining the 
above descriptors and, in some cases, by attempting to take into 
account the object to be imaged. Examples include: Equivalent 
aperture and passband, information capacity, variously defined 
Signal-to-Noise Ratios, various Figures-of-Merit, expected 
squared difference between object and image, Conspicuity, etc. 

(3) Descriptors of the measured performance of a human 
observer who employs the visual data provided by a series of 
images to make decisions. These empirical descriptors may be 
functions, such as detection curves or ROC curves, or may be 
numbers derived from these, such as d', average information 
content, or average net benefit. 

This paper will survey briefly the various descriptors of 
image quality now available in an effort to identify the poten- 
tial strengths and weaknesses of each. Examples of successful 
or partially successful correlates with human observer perfor- 
mance will be shown, and directions for future research will be 
suggested. 


Radiologic Decision Making and Physical Image Properties: 
Kundel HL (Temple Univ. School of Medicine, Philadelphia, 
PA 19140) 


The usual measurements of image quality; MTF for image 
sharpness, the power spectrum for mottle, and the sensito- 
metric curve for contrast - are not sufficient to specify 
whether an abnormality will or will not be detected. The 
relationship of the feature that constitute the abnormality 
and the features that constitute the surrounding structures 
must also be considered. 


A simple diagnostic situation, detecting a lung nodule 
has been used as an experimental model and a physical para- 
meter called conspicuity has been defined. 

It consists of measurements of the size, shape, contrast 
and the edge gradient of the nodule divided by a measurement 
of the complexity of the surrounding structures that tend to 
camouflage the nodule. 


Conspicuity has been measured for simulated nodules and 
for a series of real nodules that were originally missed in 
clinical practice but later detected. Correlation between 
film reader performance and conspicuity was found. 


If these higher order relationships can be generalized 
and there is no clear evidence whether or not they can, then 
the diagnostic effectiveness of radiologic imaging systems 
might be derivable from measurements made on the images 
eliminating the necessity for what is now the only way of 
measuring effectiveness, tests of the diagnostic performance 
of human observers. 


Visual Perception Limits in Angiography: Burgess AE, Humphrey K 
(Univ. of EC Vancouver, B.C., FAW) 


The results of two types of visual detection experiments 
are presented and discussed. One set of experiments was done 
using single bar targets optically superimposed on a variety of 
backgrounds. The experiments were designed to determine func- 
tional relationships between the target contrast at the detec- 
tion threshold and a number of variables. The variables 
included bar angular width, bar angular length, background noise 
level, and viewing distance. The second set of experiments was 
done using radiographs of aluminum wires. The radiographs were 
produced using a conventional neuro-angiography system with a 
0.38 mm focus. The aluminum wire diameter at the detection 
threshold was determined as a function of geometric magnifica- 
tion for several screen-film combinations. The aim of the 
experiments is to determine how to calculate visual signal-to- 
noise ratios. Some progress has been made toward this goal. 


SENSITOMETRY UP-DATE 


The D-Log E Curve and Its Relationship to Lesion Contrast and 
Required Photon Count Densities for Medical Images: Whitehead 
FR, (Searle Diagnostics Inc., Des Plaines, IL 0018) 


Perception of a lesion in a roentgenogram or nuclear medi- 
cine image requires that lesion contrast exceed both a threshold 
contrast value for the human visual system, and the contrast of 
any random fluctuations due to quantum mottle in the image. In 
principle, any lesion contrast value can be raised above visual 
threshold by choosing a film with sufficiently high gamma, and 
the quantum mottle can be reduced to any desired minimum by 
using a high enough photon count density in the image. In prac- 
tice, one must compromise these parameters within the con- 
straints of limited dynamic range for the film and the need to 
minimize discomfort and radiation dose to the patient. This talk 
will show how quantitative relationships can be developed to cal- 
culate the minimum detectable lesion contrast value and maxi- 
mum useable photon count density for any film. In the develop- 
ment of diagnostic imaging procedures, these relationships offer 
considerable assistance in optimizing the choice of film with re- 
gard to the characteristics of the human visual system and the 
limitations of present day instrumentation. 


A New ANSI Screen-Film- Processing Sensitometry Standard: Clarke 
ET (Technical Operations, Inc., Boston, MA 02108) 

A new standard method for the sensitometry of X-ray screen-film- 
processing systems is under development by ANSI Subcommittee 
PH2-31. Devised not only for systems manufacturers but also for the 
ultimate user, the method employs radiation qualities stimulating those 
emergent from human phantoms both for normal and for scatter-free 
conditions, Standard test objects are specified that approximate the 
primary to scatter ratios found for three commonly used techniques 
(chest, skull and pelvis, and extremity radiography). The method per- 
mits the determination of system speeds for each technique under 
scattering and non-scattering conditions. By specifying the use of 
aluminum modulators with the test objects, the method also measures 
contrast, or the system's capability of visualizing changes in object 
thickness. 


Sensitometry in Computerized Tomography: Weaver KE, 
Goodenough DJ, Briefel E (G. Washington Univ., Washington, D.C. 
20037) 


Sensitometry in computerized tomography is defined along 
with a presentation of techniques used to determine relative CT 
sensitometry. Factors influencing CT sensitometry are discussed 
such as x-ray beam quality and the effective atomic number and 
electron density of materials. Difficulties encountered in 
producing samples for determining CT sensitometry and the impli- 
cations involved in trying to calibrate samples are presented. 
Examples of comparative sensitometry (using a phantom) between 
various CT units will be presented and a technique for utilizing 
a continuous rather than discrete output is shown. 
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Sensitometry in Medical Imaging: Haus AG, Marsh L, Bencomo J, 
Vyborny C (Univ. of Texas System Cancer Center, Houston, Tx 77030) 
Sensitometric methods employed for determining the character- 
istic curve of interest in medical imaging are described. These 
methods are based on the way in which various recording systems 
are exposed. |n diagnostic radiology, an inverse-square sensi- 
tometer is used for measurements of the characteristic curves of 
conventional film and screen-film systems. The shape of these 
curves as a function of the light spectrum emitted from three 
types of intensifying screens and as a function of the incident x- 
ray spectrum will be discussed. Characteristic curves of commer- 
cially available recording systems ranging from the highest-speed 
screen-film system to the slowest-speed film exposed to direct x- 
rays show relative speed differences. Sensitometric techniques 
for quality control of automatic processors are also discussed. 
In radiation therapy, a sensitometric technique is described for 
determination of the proper characteristic curve for a film which 
can be placed beneath the patient before radiation treatment and 
removed afterwards so that an image of the anatomy actually ir- 
radiated is obtained. A characteristic curve can also be obtained 
by means of which photographic densities measured on the therapy 
verification film is related to exit absorbed dose. In nuclear 
medicine, a sensitometric study is described which served as a 
means to evaluate several radiographic films for imaging of the 
light output on an oscilloscope when the Anger camera is used. 


A Study of Some Factors Influencing Film Choice for Nuclear 
Images: Lilien DL, Allen MJ, (Ralph K. Davies Medical Center 
and Univ. of California, San Francisco,CA 94114) 


Multiple-format imaging devices are becoming widely used in 
nuclear image presentation. These devices offer a wide choice 
of transparency films with highly variable characteristics. 
Further, different devices utilize different oscilloscope phos- 
phors such as P-11, P-31, and P-39. Different emission 
characteristics of the phosphors can alter film response. 

To study film characteristics and determine their effect on 
the final image, 7 films were studied with the above 3 phosphors. 
Images of the Rollo phantom were obtained with upper level inten- 
sity held constant. The ability of a given film-oscilloscope 
combination to reproduce varying intensities was measured densi- 
tometrically, and the relative sensitivity and contrast (H and 
D curve) were determined. In addition, clinical studies were 
performed with film pairs in the same patients, utilizing films 
with low and high contrast to assess the effects of varying 
this parameter on the appearance of the study. 

Differences between films were dramatic. Ranked in order 
of increasing contrast were the following film: Du Pont Lo- 

Dose and SF-2, Kodak S0-179 and MinR, Kodak XL-1, Du Pont Chronex 
4, and Kodak XG-1. Varying the oscilloscope phosphor changed the 
relative sensitivity of the films but did not alter the overall 
contrast characteristics of the image when intensity was held 
constant. Varying the film type, however, greatly altered the 
appearance of the clinical studies. Films producing ''ideal'' 
characteristics for a given study type (e.g. bone) often produced 
unacceptable results with another study type (e.g. liver). 

In bone scans, film type affects 'soft-tissue background'' at 
least as much as does the radiopharmaceutical or imaging delay. 
No single film gave "ideal" results with all study types. What 
constitutes ''ideal'" results is at least partially subjective 
and further study along these lines is under way using the 
paired clinical studies. 

The degree to which film characteristics alter the appearance 
of clinical studies has not been widely appreciated. If a film 
is chosen carefully, it may optimize image quality; if, however, 
it is not chosen wisely or rationally, it may lead to unsatis- 
factory or even misleading results. 


SCREEN FILM SYSTEMS AND PHOTOSENSITIVE MATERIALS 


An Analysis of Film/Screen Combinations and Patient Exposures 
rom NEXT: owalter CK, Bunge RE, Gross RE, Seville reau 
of Radiological Health, Food and Drug Administration, Rockville, 
MD 20857) 


The wide variation in patient exposures for the same examination 
at different facilities, as shown by the Nationwide Evaluation 
of X-Ray Trends (NEXT) data, has been previously reported. In 
order to investigate this variation, an image receptor module 
(IRM) was designed to be used in conjunction with the NEXT sys- 
tem. It has been used to collect information on the types of 
films, screens, and grids used for over 900 radiographic exams 
in 12 States. Numerical relative speed values were experimen- 
tally determined for many of the more frequently used film/screen 
combinations, enabling a speed value to be assigned to these 
combinations when reported in the IRM. Principal findings to be 
discussed are the variation in film/screen speeds used for a 


given examination; the variation in exposures at skin entrance 
for a given examination, even when film/screen combinations of 
the same speed range are used; and relationships between the 
speed of the image receptor system and the exposure at skin 
entrance. 


Equivalent: Blur of Intensifying Screens: Sprawls, P, (Emory Univ. 
Atlanta, GA 30322) 


In a conventional radiographic system the sources of blur are 
motion, the finite size of the focal spot, and the spreading of 
light within the intensifying screen. For the purpose of x-ray 
system blur analysis it is desirable to express the three types 
of blur in terms of parameters which are compatible and can be 
easily combined to obtain composite blur values. The equivalent 
blur of an intensifying screen is defined as the dimension of a 
rectangular blur profile which will produce the same general 
image quality (noise equivalent bandpass). Such a parameter is 
compatible with blur from linear motion and blur values derived 
from focal spot dimensions determined by star test patterns. 


The equivalent blur (B) value of an intensifying screen is 
given by 
"m Bot 
50 
where f59 is the spatial frequency for 50% contrast on the screen 
MTF. Equivalent blur values range from approximately 0.16 mm for 
mammographic screens to 0.7 mm for the high-speed types. 


A Free Response Approach to the Measurement and Charac- 


terization of Radiographic Observer Performance: 
Bunch PC, Hamilton JF, Sanderson GK, Simmons AH 


(Eastman Kodak Company, Research Laboratories, 
Rochester, NY 14650) 


Radiographic signal detection is considered to 
be a point process. Realism of radiographic signal 
detection experiments is extended by allowing a random 
number of signals and by requiring accurate location 
of the signals. A substantial improvement in the 
simplicity of the theoretical framework of multiple 
signal detection experiments results from using this 
free response approach. The generation of false 
positive events is adequately described as a Poisson 
process, represented by a single measureable parameter. 
A scheme for reinterpretation of conventional ROC* 
curves in terms of the free response approach is 
presented and a description of a much simpler and more 
efficient experimental procedure is provided. 


"Receiver Operating Characteristic 


Information Content and Contrast of Rare-Earth and 
Calcium Tungstate Intensifying Screens: Castle JW 
(Eastman Kodak Company, Research Laboratories, 


Rochester, NY 14650) 


The observed higher contrast of radiographs made 
with rare-earth screens as compared with calcium 
tungstate screens is shown to be associated with the 
scattered component of the radiation absorbed by the 
screens. This is confirmed by screen absorption 
measurements of the primary and scattered radiation 
transmitted through two regions of a chest phantom. 
The primary/scatter absorption ratio (or contrast) 
is higher for the rare-earth screen, indicating lower 
relative response to the scattered radiation. It is 
also shown that, although the contrast becomes lower 
for the rare-earth phosphor as compared with the 
calcium tungstate when the scatter is reduced, the 
information-content in the radiation absorbed remains 
higher for the rare-earth screens. 


Reciprocity Law Failure In Green Sensitive X-ray Films: 
Arnold BA, Eisenberg H, Bjarngard BE (BEB Dept. of Radiation 


Therapy, Harvard Univ., Boston, MA02115) 


Reciprocity law failure was measured for three green sensi- 
tive X-ray films exposed with rare earth intensifying screens. 
These films showed increased low intensity reciprocity failure 
when compared to one conventional blue sensitive film. The 
effect of reciprocity failure on the accuracy of measurements of 
physical image parameters, film speed, contrast and noise was 
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investigated. The variation of radiographic noise with exposure 
time can be a significant variable in comparisons of different 
radiographic techniques. 


Status Report. A Standard Method for Determining the Efficienc 
of Fluorescent X-Ray Intensifying Screens: Placious RC (National 
Bureau of Stnds., Washington, D.C. 20234), Moser ES (GAF Corp., 


Binghamton, NY 13902), Holland RS (E.I. du Pont de Nemours & Co., 


Wilmington, Del. 19898), Masi F (GAF Corp., Cedar Knolls, NJ 07927) 


A proposed ANSI standard for classifying radiographic intensi- 
fying screens has been under test at the National Bureau of Stan- 
dards. This standard establishes procedures for characterizing, 
on an absolute basis, the optical spectral output of fluorescent 
screens per unit of incident x-ray exposure. The testing proced- 
ure has undergone revision since an earlier status report was 
given. Calcium tungstate screens however still form the basis of 
comparison in this procedure because of the long acceptability and 
stable output qualities of this screen. The nature of the revis- 
ions and current output data on the screens will be described. 


APPROACHES TO EQUIPMENT SERVICE, EQUIPMENT SPECIFICATION AND 
PERFORMANCE EVALUATION 


An Alternative to Vendor Supplied Service: Brown WJ, 
Randall MG (Southern California Permanente Medical 


Group, Los Angeles, CA 90057) 


In 1975 the concept for our hospital based x-ray 
service group was formulated. Several factors in- 
cluding increased vendor supplied service cost for 
parts and labor, maintenance requirements on new 
equipment to comply with DHEW, heavier equipment work- 
loads, and increased x-ray room down-time, contributed 
to our decision to develop a proposal for an "in-house" 
service group. Using a systematic approach to ascer- 
tain service requirements on x-ray equipment, a 
decision based on cost effectiveness and other advan- 
tages was made with respect to formation of a hospital 
based service group. Service requirements were deter- 
mined by obtaining data related to vendor supplied 
costs (labor, travel, and parts); the size of the 
department; complexity of equipment; and departmental 
demand. A comparison of cost for vendor supplied 
service and budget requirements for a hospital based 
organization was prepared. At present we have eight 
x-ray service engineers to meet our requirements. The 
purpose of this presentation will be to discuss our 
approach to the decision to pursue a hospital based 
service organization and to compare our results for 
seven hospitals. 


Developing a New Job Classification with In-House 


Radiological Engineering: The Radiologic Electronic 
Specialist: Moler CL (Univ. of California, Los 


Angeles, CA 90024) 


In the past two decades, new radiographic devices 
enhanced by advanced space age electro-mechanical 
engineering, (i.e., automated x-ray generators, exam- 
ination tables, automatic collimators, high speed 
patient to radiologist film transports, highly sophis- 
ticated closed-circuit television systems, and disc 
and tape storage of x-ray produced video images) con- 
tinue to leave the manufacturer's drawing board and 
enter radiology departments daily. This new tech- 
nology intensifies a longstanding and rapidly growing 
problem--the severe shortage of trained and qualified 
professional radiological engineers. Equipment manu- 
facturers and their representatives have been hard 
pressed to provide competent service to this ever 
increasing demand. Recognizing the enlarging dimen- 
sion of the problem, the Department of Radiological 
Sciences, University of California, Los Angeles, in' 
March of 1970, initiated two steps--first, the estab- 
lishment of an in-house radiological engineering staff; 
and second, the development of a two year training 
program for Radiologic Electronic Specialists. Class 
number eight has convened and studies commenced on 
August 1, 1977. 


The Effect of Electron Evaporation on X-Ray Tube Current:  Brez- 
ovich IA, Barnes GT (Univ. of Alabama in Birmingham, Birmingham, 


AL 35233) 


Since only electrons which have relatively high energies 
can escape from a metal, a thermonic emission current, when ini- 





tiated, reduces the average energy of the remaining electrons 
and molecules and hence, if not compensated for, the temperature 
of the emitter. Investigations of several diagnostic x-ray 
tubes and generators indicate that there is a noticeable, expo- 
nential fall-off of x-ray tube current during an exposure (time 
constant = 130 msec) attributable to this phenomenon. With 
three-phase generators the equilibrium values observed were ap- 
proximately 15% lower than the corresponding values at the begin- 
ning of the exposure. Smaller fall-offs were observed with 
single-phase equipment. Theoretical expressions derived from 
basic thermodynamic considerations, which are in good agreement 
with observations for the magnitude of the effect and its time 
constant, are presented. 


Equipment Acquisition Procedures: Stone TI (Univ. of Minnesota 
Hospitals, Minneapolis, Minnesota, 55455) 


The paper describes a purchasing procedure presently used at 
the University of Minnesota for Radiological systems. The pro- 
cedure utilizes bidding specifications which stress the capability 
the system must provide rather than detailed statements of per- 
formance. 


An In-Depth Study of Fluoroscopic Spot Film Camera 
Systems: Dobrin R, Beranbaum F. Keegan A, Berkovits L 
Rudolph S (New York Univ. Med. Ctr., New York, NY 
10016) 


This paper describes a detailed study of fluoro- 
scopic spot film camera systems. In addition to 
factors which affect image quality in routine radio- 
graphy, the gain and resolving ability of the image 
intensifier, the functioning of the automatic exposure 
timing system, and the imaging optics of the spot film 
camera also affect the spot film image. Hence, a 
detailed examination of spot film systems in new 
equipment, and an ongoing program to monitor both the 
quality of the images produced and the condition of 
the imaging system components, is required.  Described 
in the paper are procedures developed for complete 
examination of spot film camera systems, together with 
the wide variations found in image quality, image 
intensifier conversion factor, input dose, film 
optical density and image alignment. In addition, a 
program for achieving optimal clinical image quality 
and minimum patient exposure is described. 


Performance Evaluation of the Falling Load Technique: Rauch PL, 
Block RW (Henry Ford Hospital, Detroit, MI 48207] 

The literature has, to date, addressed the theoretical 
aspects of the falling load technique, and has promulgated only 
the inherent advantages. The authors believe, however, that 
those persons charged with writing performance specifications for 
new radiographic equipment should be aware of the various methods 
which manufacturers have devised to produce a "Falling Load", and 
the inherent disadvantages of these methods as related to equip- 
ment performance and reliability. 

The operating characteristics of seven falling load x-ray 
generator systems have been acceptance tested. A report of our 
investigations is presented, together with observed design limi- 
tations relative to the clinical usefulness of these systems. 


A Systems Approach to Acceptance Testing of Diagnostic 
X-Ray Equipment: Randall WC. Horn BA Ioouthera 
California Permanente Medical Group, Los Angeles, 


CA 90057) 


Certification of major components of x-ray 
equipment by the Bureau of Radiological Health of the 
Food and Drug Administration has created a renewed 
interest in the performance of diagnostic x-ray 
systems. Although the certification performance 
criteria, major component specification data, and 
assembly data are submitted by the manufacturers to 
the Bureau of Radiological Health, assembly and cali- 
bration of the diagnostic x-ray system depends on the 
assembler. Even though x-ray system components ex- 
hibit certification labels, there is no guarantee 
that the systems meet the compliance standards. In 
addition to the manufacturers' specifications and HEW 
requirements, we have developed supplemental perfor- 
mance specifications. Acceptance testing of diagnos- 
tic x-ray equipment prior to final payment has been 
used to check that the manufacturers meet the criteria 
established by BRH; to check the calibration of the 
various x-ray systems (generator/tube, collimator, 
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automatic exposure control, etc.); and to develop 
supplementary testing criteria. The performance 
criteria, specifications, and equipment acceptance 
tests, including before and after measurements for 
several units, will be discussed. The results will 
demonstrate that our desired specifications can be 
achieved. 


Variation of X-ray Tube Potontial as a Function of 
Attenuator Thickness in kVp Variable Automatic Bright- 
ness Stabilization Fluoroscopy: Lin P-JP (Northwestern 
Univ., Chicago, IL 60611) i Kriz RJ (Univ. of Illi- 
nois, Chicago, IL 60612) 


For a given patient (attenuator) thickness, sub- 
stantial differences in x-ray tube potential can be 
observed in image intensified fluoroscopic x-ray inst- 
allations equipped with kVp variable automatic bright- 
ness stabilization (ABS) circuitry. To investigate 
this observation, the fluoroscopic x-ray tube poten- 
tial, the patient entrance exposure rate, and the 
patient exit exposure rate (or the image intensifier 
input exposure rate) were measured as functions of the 
attenuator thickness. Results indicate that most 
fluoroscopic equipment (10 out of 12) included in this 
study were not correctly adjusted or calibrated at 
their optimum conditions with regard to patient ex- 
posure and the image quality obderved on the televi- 
sion monitor. This problem can be attributed to two 
inter-related factors: (1) inadequate calibration and 
improper adjustments performed by installation and/or 
service personnel, and (2) the geometrical arrangement 
of the equipment which influences the calibration 
methodology. 


NEW DEVELOPMENTS IN MEDICAL IMAGING 


A Diazotype Radiographic Duplicating System With Application as a 
Diagnostic Aid: Zweig G (TWT LABS INC., div. Arkwright Incorporated, 


Fiskeville, RI 02823), Barsanti CG (Picker Corporation, Cleveland, OH 
44143) 


The history of radiographic duplicating technology has at times been 
concerned with improving the extraction of information from radiographs. 
Recent work in diazotype radiographic duplicating film has resulted in a 
continuous tone direct positive film which is capable of visual enhancement 
of edge -sharpness and contrast. The convenience it affords of room light 
handling contributes to its value as an interpretive and diagnostic aid in 
conjunction with the original radiograph. Specific examples are discussed. 


A Digital Video Aquisition System for Extraction of Subvisual 


Information in Diagnostic Medical Imaging: Frost MM, Fisher HD, 
Nudelman S, Roehrig H, Ovitt TW (Univ. of Arizona Health Sciences 


Center, Tucson, Ariz. 85724) 


A system has been developed to allow single frame acquisi- 
tion of superior quality video images. The system consists of a 
high quality x-ray image intensifier coupled to a high resolution, 
low noise video system. The video signal is fed to a 13 bit, 10 
megaword video A/D converter and then to a digital memory having 
512 x 512 pixels and 8 bit accuracy. The memory output is direct- 
ly interfaced to a PDP 11/70 image processing facility to allow 
computer controlled acquisition of video imagery as well as real 
time visualization of computer processed images. Computer pro- 
cessed images are returned to the memory for display. Techniques 
and examples of processed radiological images will be discussed. 
Additional digital memories are under construction for 12 bit 
dynamic range. 


A Novel Proximity X-ray Image Intensifier Tube: Wang SP, 
Robbins CD, Bates Jr.,CW (Diagnostic Information, Inc., 


Sunnyvale, CA 94086) (CWB Stanford Un., Stanford, CA 94305) 


A novel proximity X-ray image intensifier tube is described. 
This device shows promise in replacing current minifying type 
X-ray image intensifier tubes in a number of medical diagnostic 
applications. It is not restricted (in the size of usable format) 
as is the case with minifying type tubes. 


This device has the advantage of fewer sources of unsharp- 
ness, and this advantage can be traded either for higher MTF 
performance or dose reduction. Various systems employing this 
tube are described. 


Semiquantitative Empirical Approach to Optical Transform 
Method for OR cal Differentiation of Human Blood Cell 
Smears: Yoo JHK (Univ. of Texas Health Science Center at 

San Antonio, San Antonio, TX 78284) 

Potential applicability of a coherent optical Fourier 
transform technique for identification of healthy and 
pathological blood cell smears has been demonstrated. Types 
of abnormalities tested include acute myelogenous leukemia, 
sickle-cell anemia, target-cell anemia, acute lympatic leukemia, 
infectious mononucleosis, and eosinophilia. 

Although limited numbers of slides and restricted types of 
abnormalities were examined, normal smears are distinctly 
differentiated from various abnormalities through the coherent 
optical transform analysis. The morphological and constitu- 
tional variations in the samples have been qualitatively reasoned 
as the sources of the observed deviations in the characteristic 
transform patterns and the densitometric profiles. 


X-Ray Beam Filtration for Mammography:  Siedband MP, Jennings RJ, 
Eastgate RJ, Ergun DL (Univ. of Wisconsin, Madison WI 53706) 


The characteristic lines of molybdenum anodes yield high 
contrast images on film of thin breasts. For thicker breasts, 
the higher spectral energies are transmitted and the lower 
energies are mostly absorbed resulting in higher patient 
exposure and reduced contrast. However, filters from Rhodium 
(Z-45) to Antimony (Z=51) can be used to shape the energy 
distribution of tungsten anode tubes to improve contrast and 
reduce patient exposure. Measured spectra and phantom test data 
are described. (Supported by NCI Contract NO1-CB-53914). 


QUALITY CONTROL IN MEDICAL IMAGING 


Activities of the American Association of Physicists in Medicine 
and the American Institute of Ultrasound in Medicine In Ultra- 
sound Instrument Performance Evaluation: Carson, PL (Univ. of 


Colorado Medical Center, Denver, CO 80262) 


The main contributions of the AAPM and AIUM in ultrasound in- 
strument performance evaluation are made through special sessions, 
individual members' presentations at the national meetings, and in 
publications of these two societies. Committee work is proceeding 
within the AAPM on a draft of recommended acceptance tests. In 
addition, the AAPM provides coordination for the NCl-sponsored 
Centers for Radiological Physics. The Centers are presenting re- 
gional workshops on ultrasound instrument performance evaluation 
and are developing techniques such as meaningful axial resolution 
measurements for gray scale scanners. These developments will be 
summar i zed, 


Two existing AIUM standards are designed for performance 
evaluation of ultrasound equipment, These standards are ''Standard 
Specification of Echoscope Sensitivity and Signal to Noise Ratio" 
and the "Standard 100 mm Test Object and Recommended Procedures 
for Its Use." The AIUM now offers a commendation to manufacturers 
who specify appropriate safety related instrument performance in- 
formation, and recently has begun work to cooperate with the 
National Electrical Manufacturers Association, the AAPM and the 
Acoustical Society of America in helping to define standards for 
acoustic safety aspects of diagnostic ultrasound equipment.  AIUM 
subcommittees also are active in ophthalmological equipment eval- 
uation and transducer characterization standards. 


Economic Analysis of a Quality Control Program: Hall 


CL (E. I. Du Pont, Photo Products Department, 
Wilmington, DE 19898) 


Our experience with Quality Control Programs in 
many x-ray departments shows that the reject rate can 
frequently be reduced about 457, through proper con- 
trols. A Reject Analysis establishes the current 
reject rate and its associated film cost. Based on 
the reject analysis, appropriate corrective programs 
are undertaken. Typical corrective programs are 
processor monitoring and maintenance, screen/cassette 
program, inventory control and technique consultation. 
Six months to one year after the Reject Analysis, a 
follow-up Reject Analysis measures the effect of the 
Quality Control Program. Data compiled from many 
x-ray departments indicate an average reject rate 
of 13%. The chest exam usually accounts for the most 
repeats. Incorrect density and poor positioning are 
the major reasons for repeated exams. The Quality 
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Control Program usually reduces the reject rate to 
about 7%, a 45% reduction. If the annual film cost 
is $150,000, the savings from this reduction can be 
as much as $9,000 in film alone. Other costs such 
as chemicals and equipment are also reduced. 


A Method of Processor Control Utilizing Refrigerated 
Pre-exposed Control Strips and Visual Comparative 
Densitometry: Page, DA route Univ., Durham, NC 27710) 
Although large hospitals have access to sensi- 
tometric testing tools, the majority of hospitals 
do not have a sufficient capital equipment budget 
to afford this sophisticated special purpose equip- 
ment. By using refrigerated pre-exposed strips and 
visual analysis, it is possible to monitor the 
photographic parameters of the speed, contrast and 
gross fog in a reasonable manner. This paper considers 
the methods employed in this processor monitoring 
procedure and offers evidence regarding the reliabil- 


ity of using refrigerated pre-exposed processor con- 
trol strips. 


Methods and Results From a Quality Assurance Survey of Diagnostic 


Ultrasound Equipment in the Washington, D.C. Area: Smith SW, 
Lopez H, Stewart HF (Food & Drug Administration, Bureau of Radio- 


logical Health, Rockville, Maryland, 20857). 


A study of the equipment performance of diagnostic ultrasound 
instrumentation has been performed in the Washington, D.C. area. 
Operating characteristics of B-mode scanners and echocardiographic 
units were examined. The AIUM standard 100 mm test object was 
used to measure accuracy of range calibration, system, registra- 
tion, and transducer performance characteristics such as resolu- 


tion, and sensitivity. Three gray scale test devices were compared 


in the measurement of the gray scale and dynamic range of the 
diagnostic ultrasound equipment. These devices included (1) an 
electronic instrument which emits a burst of pulses which decrease 
in amplitude at an equivalent rate of 2.5 dB/cm of range (Carson, 
1976), (2) a propylux wedge designed to attenuate acoustic echoes 
over a range of 0 to 60 dB (Nigam, 1975) and (3) a series of re- 
flectors varying in angle from 0-20? so that returning acoustic 
echoes will vary over a 60 dB range. The relative efficacy of 
these gray scale test devices and gray scale measurements from 
ultrasound instruments will be discussed. 


l. Carson, P.L. "Rapid Evaluation of Many Pulse Echo Character- 
istics by Use of a Triggered Pulse Burst Generator With 
Exponential Decay",J. Clin Ultrasound 4 (August, 1976), 259- 
263. 

2. Nigam, A.K. "Standard Phantom Objects for Measurements of 
Gray Scale and Dynamic Range of Ultrasonic Equipment" 
Acoustical Holography, Vol. Vl, N. Booth, ed., Plenum Press, 
New York, pp. 689-710, 1975. 


Need for Ultrasonic Tissue Equivalent Test Objects for Routine 
Performance Checks of Pulse-Echo Equipment:  Zagzebski JA, 
Banjavic RA, Madsen EL (Univ. of Wisconsin, Madison, WI 53706) 

In diagnostic ultrasound, transducer performance evaluations 
routine quality control checks and, most importantly, clinical 
selection of transducers for particular imaging situations should 
be based on measurements which mimic the actual clinical condi- 
tions as closely as possible. For some specific studies, such as 
depth calibration and B-scan registration accuracy, test objects 
which contain materials of the same speed of sound as soft 
tissue are available and sufficient. However, for clinically 
relevant determinations of transducer axial and lateral resolu- 
tion at depth, system sensitivity, gray scale characteristics 
and transducer beam profiles, test objects containing materials 
with attenuation and/or scattering properties similar to those 
of soft tissues may be more useful. 

The importance of using tissue equivalent material for per- 
formance checks of ultrasonic transducers will be emphasized by 
a comparison of beam profiles in water and in attenuating matter. 
Preliminary results using tissue mimicking material often demon- 
strate transducer beam degradation in the form of spreading and 
loss of axial symmetry and variations in the focal properties, 
as well as refraction and scattering of the beam. 

Results of work with a tissue equivalent gel mixture inside 
prototype phantoms will also be discussed.  Pulse-echo imaging 
anomalies difficult to ascertain with targets in water can be 
detected using low level scatterers present in such phantoms. 
Thus, such an approach is useful for scan uniformity checks, 
evaluation of swept gain settings and, possibly, evaluation of 
gray scale response and scope display. Incorporation of such a 


phantom into a routine quality assurance program carried out by 
technicians and physicians could be undertaken. Such tests would 
be closely related to the actual clinical cases in that the trans 
ducer-receiver system would be operated in a configuration and 
manner analogous to that used for obtaining clinical scans. 


The Physician's Need for Standardization of Ultrasonic Instrumen- 
tation: Taylor, KJW, de Graaff, C (Yale University Medical School, 


New Haven, CT. 06510) 


In no modality is there a greater need for standardization 
than in the clinical applications of ultrasound. The machines 
currently being utilized for ultrasound scanning vary from those 
producing technically superb pictures to an appreciable number 
that are clinically useless. At present, & considerable amount 
of ultrasound scanning is in the hands of neophytes who may not 
recognize that their machine is operating sub-optimally. The 
most difficult and basic problem is the lack of a suitable tissue 
phantom. Although one can accurately specify the characteristics 
of any given machine in terms of resolution and signal-to-noise 
ratio, and often can demonstrate an extensive grey-scale spectrum, 
the clinical functioning of that machine may be markedly differ- 
ent from that predicted from the specifications. In practice, 
the overall signal-to-noise of any instrument during the course 
of clinical scanning is assessed by the ability to display the 
internal consistency of soft tissue organs. The resolution can 
be assessed by the echoes arising from within tissues, assuming 
that these originate at point targets. The resolution so 
assessed is markedly superior to that measured on & wire target 
in a waterbath. Thus, annular arrays which give obviously su- 
perior resolution in vitro may be much less impressive in vivo. 
Again in practice, we may reject three or four scan converters 
all satisfying the same specifications before we find one which 
produces satisfactory clinical results. The obvious conclusion 
must be that the specifications do not relate directly to clin- 
ically useful parameters. The need is stressed for objective 
phantoms and the ability to measure tissue parameters to convert 
diagnostic ultrasound from an art into a science. 


A Proposed Recommendation for Quality Assurance Programs in 


Diagnostic Radiology Facilities:  Burkhart RL (Bureau of 
Radiological Health, Rockville, MD 20857) 


The Food and Drug Administration is currently planning to 
publish for comment a Proposed Recommendation to encourage 
diagnostic radiology facilities to establish their own quality 
assurance programs. These programs will improve the quality of 
health care by reducing unnecessary patient radiation dose, 
improving the quality of the diagnostic image, and reducing the 
cost of radiological services. The general concepts of the 
Proposed Recommendation are discussed. 


Pulse-Echo Ultrasonic Transducer Standardization and Qualtit 
Control: Erikson, KR (Rohe Scientific Corp., Santa Ana, CA, 
92704) 


The ultrasonic transducer is the window through which all 
information passes in diagnostic scanning systems. There are no 
established standards for transducers resulting in wide variation 
in specifications and test methods among transducer manufac- 
turers. System manufacturers also test transducers differently 
thereby requiring manufacturers to design different transducers 
for each customer. At the same time the FDA, through the Bureau 
of Medical Devices and the Bureau of Radiological Health, now has 
the regulatory power to control diagnostic ultrasound systems for 
both safety and efficacy. Clearly, the time has come to create 
some suitable performance standards. 


The purpose of this paper is to discuss important trans- 
ducer performance characteristics together with simple methods 
for measurement. The relation between these engineering param- 
eters and the diagnostic ultrasound scan is discussed. Finally, 
the work of the American Institute of Ultrasound (AIUM) Standards 
Committee in transducer standardization is described. 


PERFORMANCE CHARACTERISTICS OF CT SCANNERS 


A COMPARISON OF THE NUMBER OF RAYS Vé THE NUMBER OF 


VIEWS IN RECONSTRUCTION TOMOGRAPHY: Schulz RA, Olson 
EC, Han KS (Picture Processing Section, Engineering 
Department; EMI Medical Inc.; 3605 Woodhead Drive, 
Northbrook, IL 60062) 


In x-ray reconstruction tomography, many sets of at- 
tenuation data are gathered at various angular orienta- 
tions to the object. Each set of data is divided into 


386 OPTICAL INSTRUMENTATION IN MEDICINE 


many individual elements where each element represents 
a single pencil beam measurement of attenuated x-rays 
at some perpendicular distance from the orgin. 


Given this scheme of data collection, it is reason- 
able to ask the following question: For a given recon- 
struction diameter, is it more important to collect 
more sets of projection data (views) or more elements 
per view (rays)? The answer to this question is basic 
to the design of computer assisted tomographic (CAT) 
scanners such as the EMI family of head and body 
Scanners. 


Using simualted projection data, we show that for 
the case of Rotate/Translate geometry, the reconstruct- 
ed picture is much more sensitive to rays than to 
views. That is, given the design choice between in- 
creasing the number of views or increasing the number 
of rays per view, one would clearly prefer to sample 
rays more frequently. This concept may be generalized 
to any geometry CT scanner. This concept is particular- 
ly relevant to the desiqn of purely rotational fan beam 
CT scanners. 


Comparison of Translate-Rotate and Pure Rotary CT Body Scanners: 
Boyd, DP, Margulis, AR, Korobkin M (Univ. of California, San 


Francisco, San Francisco, CA 94143) 


Two types of fast fan-beam CT body scanners are in widespread 
clinical use. A bi-modal type employs a series of linear transla- 
tion followed by rotational steps. Rotary scanners use pure rotary 
motion of the source and detector or source alone (stationary 
detector type). We have conducted comparative studies using 
production models of an EMI-5005 and a GE CT/T installed at the 
Department of Radiology, U.C.S.F. These include quantitative 
determinations of noise and resolution, semi-quantitative compari- 
sons using phantoms, and qualitative evaluation of CT images 
obtained from double-scanned patients. Image quality of the two 
machines is roughly comparable under normal use. The most impor- 
tant differences involve the frequency and character of artifacts. 
The smoothness and speed of the rotary system's scanning motion 
greatly reduces that system's sensitivity to patient-motion- 
related streak artifacts. On the other hand the translate-rotate 
system currently offers higher spatial resolution and optional 
slow, high-dose, high-sensitivity scans. 


Data Processing of Dual-Energy Scans: Brooks RA (Sect. on Neuro- 
radiology and Computed Tomography, National Institutes of Health, 


Bethesda, MD 20014) 


The Hounsfield scale may be defined in terms of the 
attenuation coefficient of a given material as it is measured 
with the effective spectrum of a computed tomography (CT) scanner. 
The effective spectrum is equal to the exit spectrum multiplied 
by the spectral response of the detector. Any measured CT number 
Hn can be converted to a true Hounsfield number H by performing a 
simple calibration using air and water. The conversion formula is 


H = 1000 (H,-H )/(H, -H.), 


where H is the measured number for water and Ha is the measured 
number Yor air. 


The energy dependence of the Hounsfield number is given by 
the expression 


H = (H.* Hy 8)/(1 * 8), 


where H. and H. are constants of the material being measured and 
B is thé spectPal factor of the scanner. 8 can be measured by 
performing a scan on a single calibrating material such as a KI 
solution. 


By applying this analysis to dual-energy scans, the Compton 
and photoelectric coefficients of an unknown material may easily 
be obtained. This can lead to a limited degree of chemical 
identification. The statistical uncertainty of the calculated 
coefficients is also obtained from the analysis. 


x 
Detectability in the Presence of CT Reconstruction Noise : 


Hanson KM (Univ. of California) Los Alamos Scientific Lab, Los 
Alamos, NM 87545 


If the standard filtered backprojection algorithm with a 
filter of the form g(f) = |£|h(£) is applied to noisy projections, 
all of which have a noise power spectral density (NPSD), Sproj (£); 
then the resulting computed tomographic (CT) reconstruction has a 


two dimensional NPSD of the form, S(f) ~ |£| |h (£) | "Spro; C). For 
proper reconstruction, h(f) must approach a non-zero constant as 


f > 0. Provided Sproj (f) is constant, i.e. white projection 
noise, the CT noise at low frequencies is suppressed by the | £ | 
factor. This low frequency suppression results in a long range 
negative spatial correlation of the CT noise. If white noise is 
Spatially averaged over a circle of diameter d, then the variance 
in the averaged values will behave as o? 'v d72. For CT noise the 
variance drops faster than d-2, Simple signal-to-noise ratio 
considerations suggest that the dependence of minimum detectable 
contrast upon the diameter of the circle to be detected could be 
significantly different in the presence of CT noise than in that 
of white noise. Simulated reconstructions of a suitable detect- 
ability pattern demonstrate these differences may not exist un- 
less the image is spatially smoothed before observation. It is 
pointed out that the pixel width used in the image display should 
be from 1/3 to 1/2 the width of the point spread function in 
order to avoid discrete binning problems. 


* 
The work presented here was performed under funding by the 
U.S. Energy Research and Development Administration. 


Evaluation of Several X-ray Computerized Tomographic Scanners: 
Weaver KE, Goodenough DJ, Davis DO (G. Washington Univ., 


Washington, D.C., 20037) 


The results of measurements of physical parameters on sever- 
al computerized tomographic (CT) scanners is presented. Emphasis 
will be given to third generation scanners such as those utiliz- 
ing xenon detectors and stationary detector arrays. Spatial 
frequency transfer characteristics determined by modulation 
transfer function (MTF) analysis and resolution gauge and star 
patterns, sensitivity, and "CT sensitometry" using materials 
covering the entire Hounsfield range have been measured. Beam 
(slice) width, overlap between slices, and the test for a void 
between cuts have also been investigated. 


Geometrical Limitations of CT Scanner Resolution: Yester MV, 
Barnes GT (Univ. of Alabama in Birmingham, Birmingham, AL 35233) 





The geometrical limitation of the spatial resolution inher- 
ent in a CT scanner has been analyzed. In order to assess this 
limitation, an equation for calculating the theoretical attenu- 
ation profile Optical Transfer Function (OTF) from the geometri- 
cal dimensions of the system was derived. Four commercially 
available CT units were studied which are representative of the 
three basic design types in use. For each unit the OTF was 
calculated and the results are presented. Using this information 
in conjunction with the pixel size and data sampling frequency 
of the attenuation profiles, an analysis of the factors limiting 
the spatial resolution of each unit was made. In addition, 
subtle effects on the image quality of a scan due to the geometry 
of the data-taking mechanics are discussed and correlated with 
the observations of experimental comparisions. A suggestion is 
made for the optimal design of a CT unit that will encompass the 
conclusions of this analysis. 


Radiation Dosimetry in Computed Tomography (CT): Jucius, R.A., 
Kambic, G.X. (Ohio-Nuclear, Inc., Solon, Ohio 44139) 


To date, in Computed Tomography (CT) various techniques 
have been utilized for measuring and reporting exposure. This 
report outlines some techniques for measuring exposures in CT. 
Due to the x-ray field geometry exposure measurements must be 
made carefully to assure accurate results. Films and TLD 
have generally been used and can be very time consuming. These 
two methods will be discussed. The utilization of an ioniza- 
tion chamber specifically designed to measure CT exposures 
will be introduced. Comparative data obtained with the three 
methods will be shown. 


JOINT SESSION WITH THE AMERICAN ROENTGEN RAY SOCIETY 


Densitometric Evaluation of Myocardial Contrast 


Accumulation:  Sandor T, Paulin S, Sridhar B 
(Harvard Medical School and Beth Israel Hospital, 
Boston, MA 02115) 


Obstructive lesions in the coronary arterial tree 
may impair capillary or myocardial contrast accumula- 
tion, commonly known as myocardial blush.  Densito- 
metric assessment of the blush in cine-fluorography 
presupposes that the part of the cine-frame that 
represents the myocardium (or well defined part' of it) 
can be retrieved on sequential frames. In the present 
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operator-interactive approach, the blush is determined 
by digital subtraction. The procedure is the 
following: 


(1) A mask is selected by the operator before 
injection of the contrast medium at a selected 
instant within the heart cycle. 

(2) On one frame from the after-injection film 
series, which is taken at the same phase of the heart 
cycle as the mask, the operator has an option to 
identify as many as 3 analyzing windows (polygons), 
which cover various areas of the myocardium. The 
computer then finds the same areas represented by the 
windows on each frame, computes the integral of the 
optical density distribution over them, and subtracts 
these values from the respective integrals on the 
mask. A plot of the subtracted data as a function of 
time gives the myocardial contrast turnover at 
selected sites. The use of more than one analyzing 
window facilitates the comparison between diseased 
and non-diseased areas of the myocardium. 


Detection Accuracy in Chest Radiography: Gray JE, Taylor KW, 
Hobbs, BB (JEG, Mayo Clinic, Rochester, MN 55901) (KWT, BBH, 


University of Toronto, Toronto, Ontario, Canada) 


The detection accuracy of the diagnostic radiologist is 
important in everyday medical decisions. However, little work 
has appeared in the literature relating the detection accuracy 
of the radiologist with image quality. This paper will describe 
the results of a study in which the detection accuracy of 
radiologists and nonradiologists was determined from radiographs 
of a thorax phantom with lungs and simulated lesions.  Radio- 
graphs were made with three focal spots (0.3, 1.0, and 2.0 mm.) 


and with four screen-film systems (3M Alpha 4-Kodak RP, 3M 
Alpha 4-3M XD, 3M Alpha 4-3M XM, and DuPont High Plus-Kodak RP). 
The detection accuracy, false positive rate, and intra-observer 
variability are discussed and related to objectively measured 
image quality parameters. 


Image Quality in Computerized and Conventional Tomography in the 


Assessment of Craniofacial Anomalies: Maue-Dickson W, Trefler M 
(Univ. of Miami School of Medicine, P.O. Box 520006, Biscayne 
Annex, Miami, FL 33152) 


New comprehensive surgical procedures for the correction of 
severe craniofacial anomalies have resulted in a need for precise 
anatomical information for presurgical planning. The extreme 
variability in expressivity of these anomalies has served to make 
this need particularly urgent. This, in turn, has led to requests 
for increasing numbers of tomographic scans for assessment of 
these patients. Both standard and computed tomograms are used for 
this purpose. Unfortunately, there is an extreme paucity of 
information on comparative radiation dose levels and comparative 
image quality among these methods and their use may, in some 
instances, place patients at undue risk. For purposes of the 
current study, a phantom head was constructed which allowed the 
measurement of the Threshold Quality Factor (TQF) as a function 
of radiation dose. Quantitative results obtained from this phan- 
tom and from cadaver heads on three CT units (CT/T GE, Delta 50, 
and EMI 5005) and from one standard tomographic unit (CGR Strato- 
matic) were compared in terms of dosimetry, quantified image 
quality, and subjective clarity of anatomical landmarks. Based 
on findings in this study, it is suggested that a diagnostic 
hierarchy could be formulated which would significantly reduce 
the total radiation levels to which specific types of patients 
are exposed. 


Secretary's Report: 
1977 American Roentgen Ray Society Meeting 


The seventy-eighth annual meeting of the American 
Roentgen Ray Society was held at the Sheraton-Boston 
Hotel in Boston, Massachusetts, September 27-30, 1977. 
The historic city of Boston with its many attractions 
proved to be an unusually fine setting. The area's contri- 
butions to the development and history of our country 
added a feeling of basic stability and prestige. 

The annual meeting was called to order by the outgo- 
ing president, Seymour Ochsner, on Tuesday, Septem- 
ber 27 at 10:30 a.m. He and Charles Bickham, chairman 
of the Executive Council, installed Harry Z. Mellins as 
president and presented him with the President's Medal. 
Mellinss address, "Accounting to Society: Radiologic 
Concern for Patient Care," appears elsewhere in this 
issue. 

Monday, September 26, offered a variety of activities 
including golf, tennis, scientific meetings, instruction 
and categorical courses. Everything went well except 
for the golf tournament which was somewhat hampered 
by the weather. Bob Wise and his committee handled 
arrangements for the tournament. Despite some rain, 
the tournament was played, and Robert McLelland won 
the Manges Trophy. 

Other societies that held meetings prior to that of the 
ARRS included the Society for Pediatric Radiology, the 
Society of Uroradiology, and the Society of Photo-Opti- 
cal Instrumentation Engineers. 

A categorical course on the gastrointestinal tract was 
presented under the auspices of the American College 
of Radiology. It was well attended and enthusiastically 
received. The society extends its thanks to the college 
and especially to Thomas Beneventano and Reed Rice 
for their contributions. 

A total of 54 instructional courses were presented by 
60 lecturers. This important educational part of our 
meeting, under the direction of Eugene Gedgavdas, 
continues to be a significant part of the society's pro- 
gram. 

Scientific exhibits were arranged by Ralph Alfidi and 
his committee. A total of 116 exhibits on a variety of 
topics were displayed in Hynes Auditorium. Exhibits 
were organized according to topics, enabling easy study, 
and the auditorium provided ample space. 

President Mellins was instrumental in reorganizing the 
basic format of the meeting to provide a greater oppor- 
tunity for registrants to view both scientific and technical 
exhibits. The instruction and categorical courses were 
presented beginning at 8 a.m. each day. Parallel scien- 
tific sessions were presented from 10:30 a.m. to 12:30 
p.m. and from 2-4 p.m. Tuesday through Thursday, and 
from 10:30 a.m. to 12:30 p.m. on Friday. A total of 92 
unusually fine scientific papers were presented on topics 
that included CT scanning and ultrasound. This format 
proved attractive to both exhibitors and registrants. 

The reception for registrants was on Tuesday evening 
in Hynes Auditorium. 

The highlight of the evening occurred on Wednesday 


morning when Godfrey Hounsfield of Hayes, Middlesex, 
England, delivered the Caldwell Lecture to a packed 
house. His timely topic, "The Conception and Develop- 
ment of Computed Tomegraphy," covered his early 
work, experiments, and frustrations which ultimately led 
to the development of CT scanning as we know it today. 

Wednesday was a day of further recognition of signifi- 
cant scientific achievements. Byron G. Brogdon, a mem- 
ber of the Scientific Exhibits Committee, announced 
winners of Gold, Silver, and Bronze Medals, as-well as 
winners of the Certificate of Merit awards. 

Arthur Carroll Fleischer of Vanderbilt University was 
the recipient of the President's Award for the best paper 
by a radiology resident. His work was entitled ‘‘Differen- 
tial Diagnoses of Obstetrical and Gynecological Pelvic 
Masses by Gray Scale Sonography.’ The competition 
for this award was intense, and two additional papers 
were selected by the Committee on Education and Re- 
search to receive honorable mention. Additional award 
papers from the American Society of Neuroradiology 
and the Society of Gastrointestinal Radiologists com- 
pleted the morning program. 

One of the greatest contributions to the meeting is 
always made by the Committee on Local Arrangements 
and the Spouses Committee. The society extends its 
sincere thanks to Dr. and Mrs. Robert Paul for prodigious 
efforts in organizing the many activities that provided 
visitors with relaxed educational recreation. Special 
thanks are also made to Robert Wise, Samuel Wolpert, 
Roy Strand, Melvin Clouse, and Peter Sahlin, all mem- 
bers of the Committee on Local Arrangements. 

Paul Riemenschneider was chosen as president-elect 
of the society. 

During the 1976 meeting, President Ted Leigh intro- 
duced a resolution to change the society's annual meet- 
ing to the spring of each year in order to spread the 
interval of the meetings of the two major radiologic 
societies by about 6 months. A mail ballot of the society 
membership was overwhelmingly in favor of this move. 
A study of the feasibility of changing the meeting was 
conducted by George Kling, manager of the annual 
meeting. After extensive investigation, he developed a 
program for spring meetings for the next several years. 
The next American Roentgen Ray Society meeting is 
scheduled for Toronto, Canada, March 27-30, 1979. 
Further information will be forthcoming in the journal. 

Finally, the society thanks the many members of the 
American College of Radiology who collaborated with 
ARRS to make the Boston meeting attractive, uncompli- 
cated, and of high scientific interest. Special mention 
must be made and thanks given for the significant 
contributions of Sheila Aubin, Alma Baer, and other 
members of the college staff, and to Charles Honaker 
who handled public relations for the meeting. 

James F. Martin 
Bowman Gray School of Medicine 
Winston-Salem, North Carolina 27103 
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American Roentgen Ray Society Scientific Exhibits, 1977 


The Scientific Exhibits of the seventy-eighth annual meeting of 
the American Roentgen Ray Society, in Boston, September 27- 
30, 1977, were a highlight of the meeting both in number and 
content. The 119 exhibits displayed a wealth of educational 
material on a wide spectrum of topics. An anonymous Commit- 
tee on Awards presented one Gold Medal, one Silver Medal, one 
Bronze Medal and 19 Certificates of Merit. 


Gold Medal 


The lateral chest film revisited. Proto AV, Speckman JM (USAF 
Medical Center, Lackland Air Force Base, San Antonio, Texas). 


The lateral chest radiograph contains a wealth of anatomic 
information. Recognition of this normal anatomy is important 
not only in permitting a more thorough evaluation of normality 
but also in allowing for recognition of abnormality. 

In this exhibit, the authors: 

1. Reviewed the normal anatomic structures imaged on the 
lateral chest radiograph, including some not previously de- 
scribed. 

2. Indicated the frequency of visualization and variable pres- 
entations of these structures concluded from a review of a 
large number of lateral chest radiographs on people of varied 
ages. 

3. Correlated the plain film findings with anatomic material 
and contrast examinations. 

4. Illustrated examples of deviations from normal. 

5. Demonstrated how the recognition of normal and abnor- 
mal has helped in roentgen diagnosis. 


Silver Medal 


The normal and abnormal placenta: a sonographic and path- 
ologic correlation. Spirt BA, Kagan EH, Rozanski RM (Upstate 
Medical Center, Syracuse, New York). 


With the advent of gray scale, a more detailed ultrasound 
examination of the internal structure of the placenta is possible. 
This exhibit presented a sonographic — pathologic and clinical 
correlation of normal and abnormal findings in the placenta at 
various stages of gestation. The pathogenesis of subchorionic 
cystic spaces was discussed. These spaces correlate with areas 
of increased fibrin deposition showing secondary cystic degen- 
eration. Cases of multiple intraplacental cysts (molar degenera- 
tion) and extrinsic lesions such as retroplacental hematomas, 
myomas, and findings which may mimic retroplacental hema- 
tomas were also demonstrated. 


Bronze Medal 


The adult hip: an anatomic study. Resnick D, Guerra J, Arm- 
buster T, Niwayama G (Veterans Administration Hospital, San 
Diego, California). 


A comprehensive anatomic, pathologic and radiographic 
study of bone and soft tissue landmarks about the hip utilizes 
cadaveric and human surgical specimens and patient radiogra- 
phy. Methodology includes: a) radiography of macerated speci- 
mens after (1) applying metal markers to various bony land- 
marks and (2) articular injection of varying volumes of methyl- 
methacrylate with analysis of displacement of soft tissue planes; 
b) analysis of over 300 anteroposterior radiographs of "normal" 
adult patients and c) close interpretation of hip radiographs in 
over 50 pathologic conditions. Results establish new criteria 
for protrusio deformity, appropriate views of evaluation of the 
pelvis following trauma, patterns of joint space loss in articular 
disease, reliability of soft tissues in the determination of joint 
effusion and pathways for dissemination of joint fluid. 
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Certificates of Merit 


The CT scan appearance of intracranial lymphoma. Hoffman 
JC Jr, Cox GW, Takei Y (Emory University Hospital, Atlanta, 
Georgia). 


Lymphoma of the central nervous system is a relatively 
uncommon tumor. Lymphoma may present as a primary disease 
involving the central nervous system or the central nervous 
system may be involved by lymphoma from a more generalized 
process. Very little has appeared in the literature concerning 
the appearance of lymphoma of the central nervous system on 
the CT scan. Scattered reports state that lymphoma presents as 
a low density lesion with enhancement following contrast infu- 
sion. We have encountered a different appearance of lymphoma 
on the CT scan and for this reason exhibited eight cases of 
lymphoma of the central nervous system. All the lesions pre- 
sented as areas of increased density on the initial CT scan and 
showed moderate to marked enhancement following contrast 
infusion. CT scan appearance was correlated with pathologic 
appearance of these lesions. 


Fragment analysis in maxillo-facial injuries: the tripod frac- 
ture. Jacoby CG, Dolan KD (University of lowa, lowa City). 


Since there is a pattern of involvement in fractures of the 
zygomatic articulations, analysis of major fragment displace- 
ment is helpful to facilitate diagnosis and to predict clinical 
complications. The term “tripod fracture” is preferable since it 
is concise and implies multiple co-existent sites of interruption. 
The normal anatomy of the zygomatic articulations and typical 
tripod fracture patterns were illustrated as well as variations 
and their clinical consequences. 


Two radiographic clues in the assessment of upper extremity 
trauma. Stufflebam BC, Rogers LF, Cisternino SJ, Kruglik GD, 
Malave S (University of Kentucky, Lexington). 


In 10 of 15 cases of posterior dislocation of the shoulder, 
two parallel lines of cortical bone were identified on the medial 
aspect of the humeral head. One line represents the medial 
cortex of the humeral head and the other represents the margin 
of a trough-like impaction fracture. This important clue is 
designated the "trough line." 

Sixty percent of elbow fractures in children involve the 
supracondylar segment of the humerus. Twenty-five percent 
are relatively undisplaced plastic bowing, torus or greenstick 
fractures and the diagnosis may be difficult. The "anterior 
humeral line" is a useful guideline in establishing a precise 
anatomical diagnosis in these fractures. 


Radiographic and pathological analysis of osteochondral frac- 
tures. Milgram JW, Rogers LF, Miller JW (Northwestern Univer- 
sity Medical School, Chicago, Illinois). 


A total of 44 cases of osteochondral fractures, each of which 
came to surgery, were analyzed in regard to their radiographic 
and gross and histopathologic findings. The cases were en- 
countered secondary to dislocation of the patella, shearing 
forces about the distal femur and miscellaneous fractures in 
other joints. Radiographic findings were analyzed with respect 
to chronicity. Radiologic alterations occurred in time due to 
degenerative calcification in the original fragments and prolif- 
erative layering of bone and calcification in the loose bodies. 
This exhibit presented the radiographic manifestations of osteo- 
chondral fractures. Representative roentgen features were pre- 
sented along with specimen photography and specimen radio- 
graphs. 
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Cervical internal carotid artery injuries due to blunt 
trauma. Batnitzky S, Campbell RL, Franken EA, Holden RW, 
Rice PA (Indiana University, Indianapolis). 


Blunt or nonpenetrating injuries to the head and neck may 
result in damage to the cervical internal carotid arteries produc- 
ing neurological signs or symptoms. Physicians dealing with 
traumatized patients should be aware of this possibility and 
should not attribute all neurological signs in the traumatized 
patient to direct cerebral injury. 

Computed tomography has proven itself to be the definitive 
procedure in the management and diagnosis of head trauma. 
However the vascular sequelae of head and neck trauma may 
not be evident on CT. Clinical and radiologic manifestations of 
blunt trauma to the neck were discussed along with the various 
mechanisms responsible for damage to the arteries. 


Significant new observations about cervical spine trauma. Miller 
MD, Gehweiler JA Jr, Martinez S, Charlton OP, Daffner RH 
(Duke University, Durham, North Carolina). 


The results of a computer analysis of over 400 patients with 
documented fractures and/or dislocations of the cervical spine 
were presented. Many unexpected results were discussed. The 
details of our new observations were presented including the 
frequency of occurrence of fractures by level and location, and 
the most common isolated and combined lesions. 

The study suggests that the usual roentgenographic exami- 
nation of the acutely injured cervical spine is inadequate. To 
avoid missing the most common traumatic lesions, recommen- 
dations for examining the acutely injured patient were given. 


The double contrast shoulder arthrogram. Experience with 
104 studies. Goldman AB, Ghelman B (Hospital for Special 
Surgery, New York, New York). 


Experience with 104 double contrast shoulder arthrograms, 
performed with films in the upright position indicate this to be 
a superior technique to the single contrast study. 

Both methods provide an accurate means of diagnosing the 
presence of rotator cuff tears. However, in the 40 cases in this 
series with abnormalities of the rotator cuff, the double contrast 
study provided additional information concerning (1) the width 
of the tear, and (2) the presence or absence of degenerative 
changes in the torn tendons. This information is valuable both 
in the selection of surgical candidates and the choice of the 
optimal surgical incision. 

Another advantage of the air contrast technique is the im- 
proved visualization of the articular cartilages, which proved 
significant in the evaluation of patients with dislocations (five 
of eight cases), and inflammatory arthritis (three cases). 

The air distended capsule also permits visualization of the 
entire intraarticular portion of the biceps tendon, an observation 
which provided additional information in five patients with 
injuries of this tendon. 


Bronchiectasis in heroin addiction—a constant finding? 
Rodriguez J, Banner AS, Agarwal MK, Addington WW, Mojab K, 
Portela L, Sunderrajan EV (Cook County Hospital, Chicago, 
Illinois). 


Eight heroin addicts with pulmonary symptoms or plain chest 
roentgenographic abnormalities were evaluated by bronchog- 
raphy during 1976. All patients were found to have cylindrical 
or varicose bronchiectasis. Obstruction, restriction and diffu- 
sion abnormalities were found on pulmonary function tests, 
and mild hypoxemia on blood gas analyses. The bronchiectasis 
was thought to result from infected pulmonary edema, pneu- 
monia or aspiration. 


The radiology of the diaphragmatic crura and lumbocostal 
arches. Raasch BN, Cohen WN, Heitzman ER (State University 
of New York, Upstate Medical Center, Syracuse, New York). 


The diaphragmatic crura and the lumbocostal arches and 
the structures traversing them often are identified on conven- 


tional radiographs and on computed tomograms. Appearances 
caused by these normal anatomic structures can cause confu- 
sion in interpretation and, in particular, can mimic the ‘“‘thoraco- 
abdominal" sign of mass arising in the abdomen. The normal 
findings were correlated with gross anatomy and with conven- 
tional radiographs and computed tomograms made on cadav- 
ers. Alterations in the appearance of these structures are valua- 
ble to establish the presence of pathology and to localize it to 
the retroperitoneum and to the extrapleural space. 


Occlusion arteriography with a balloon catheter. Weber J, No- 
vak D (Paul-Ehrlich-Str., Hamburg, West Germany). 


The technique of occlusion arteriography using a balloon 
catheter and a percutaneous introducer system was described. 
Occlusion arteriography was performed in 50 cases. The follow- 
ing advantages were found: 

1. Simplicification of superselective catheterization due to 
pushing forward the balloon catheter's tip with the blood flow 
(vis a tergo). 

2. High contrast of the arterial phase with sharp delineation 
of smallest arteries as a result of short temporary complete 
occlusion of the feeding vessel during contrast injection. 

3. Early and optimal demonstration of the corresponding 
venous system. 

4. Reduction of the amount of the contrast agent usually 
needed. 

Occlusion arteriography with a flow directed balloon catheter 
opens new technical and diagnostic possibilities in superselec- 
tive arteriography. 


Ureteral injury: mechanisms, radiographic findings and se- 
quelae. Wass JL, Holden RW, Harper AP (Indiana University, 
Indianapolis). 


Ureteral injuries occurring during various surgical and ob- 
stetrical procedures are not uncommon. However, injury to the 
ureter from blunt trauma or missile wounds is less well known. 
The complication rate and number of ureteral injuries ending in 
nephrectomy are highly increased by delayed diagnosis and 
secondary repair. As high as 25% are not diagnosed at the time 
of primary surgical intervention. Preoperative excretory uro- 
gram is reported as 9196 accurate in demonstrating the ureteral 
injury. 

This exhibit demonstrated various mechanisms of ureteral 
injury, the roentgenographic findings, and sequelae by showing 
selected cases. Emphasis was placed on recognizing the need 
for preoperative excretory urograms and interpretation of these 
urograms as well as other associated roentgenographic exami- 
nations. Cases included blunt, penetrating, and iatrogenic 
trauma. 


Identification of a dorsal pedal lymph vessel without blue- 
dye. Yune HY, Klatte E, Batnitzky S (Indiana University, Indian- 
apolis). 


Injection of a "blue-dye'" is routinely made for the ease of 
identification of a lymph vessel for lymphography. The use of 
"blue-dye" may be eliminated if a consistently dependable 
method is available in lieu of "blue-dye." The authors have 
performed the lymphography during the past year without 
"blue-dye" so far without a single failure. This exhibit was a 
compilation of anatomical characteristics the authors observed 
and used for the identification of lymph vessels without ‘‘blue- 
dye." 


Cerebral computed tomography in infants and children: the 
spectrum of intracranial cystic abnormalities. Maravilla KR, 
Kirks, DR, Maravilla AM, Moore JG (University of Texas Health 
Science Center, Dallas). 


Cystic abnormalities within the cranial vault constitute a wide 
spectrum of disease in children. The etiologies are diverse and 
include congenital abnormalities, acquired lesions and neoplas- 
tic disorders. Specific examples are as follows: arachnoid cyst, 


EXHIBITS 391 


Dandy-Walker cyst, Dandy-Walker variant, post traumatic and 
postinfectious sequelae, porencephalic cyst, colloid cyst and 
cystic astrocytoma. Despite the overlap in the appearance of 
these lesions, CT scanning is specific or highly suggestive in a 
significant number of these entities. CT scanning also aids in 
determining the sequence of further sophisticated neuroradio- 
logic procedures such as polytomographic pneumoencepha- 
lography or magnification angiography with substration. 

This exhibit presented the CT appearance and diagnostic 
criteria for most types of cystic intracranial abnormalities in 
children. The clinical importance and the prognosis for therapy 
of each of the abnormalities will be discussed. 


Closure of cranial sutures and childhood hyperthyroidism. Bryan 
N, Johnsonbaugh RE, Baker DH (Columbia-Presbyterian Medi- 
cal Center, New York, New York). 


The normal and abnormal radiographic appearance of su- 
tures in the older child has not been well described except 
when associated with intracranial pressure resulting in "split 
sutures.” In particular, the premature closure of sutures in this 
population has not been discussed. To evaluate normal sutures, 
over 200 normal skull radiographs in 5- to 15-year-old patients 
were reviewed. Using this background, skull films in patients 
with diseases which might be expected to accelerate the time 
of sutural closure were reviewed. This included patients with 
adrenogenital syndrome, hypergonadism, hyperthyroidism and 
acromegaly. Uniquely, hyperthyroidism is the only disease 
which accelerates sutural closure and this usually occurs in the 
absence of accelerated bone age. Conversely, patients with 
adrenogenital syndrome and markedly advanced bone age did 
not have accelerated sutural closure. Thus it appears that 
hyperthyroidism causes a specific acceleration of sutural clo- 
sure. This exhibit showed the normal sutural patterns in this 
age population and changes in these patterns with disease, 
particularly hyperthyroidism. 


Computed tomography of intracranial vascular malforma- 
tions. Scotti LN, Marasco JA Jr, Pittman TA, Feczko WA, 
Bartoletti SC (St. Francis General Hospital, Pittsburgh, Pennsyl- 
vania). 


CT scanning has been highly reliable in the diagnosis of 
intracranial vascular malformations. Attention to the following 
details will allow a specific diagnosis to be made in the great 
majority of cases: 

1. A nonenhanced study is essential not only to evaluate 
contrast augmentation but also to identify small calcifications 
which are not visible on plain skull films. Furthermore, density 
changes may frequently be identified on plain CT scans. Over 
6096 of our cases (9/14) demonstrated a mottled appearance on 
the plain CT scan. 

2. Attention to the base sections may show enlargement and 
tortuosity of arterial structures. 

3. Engorged and dilated draining veins either into the deep 
or superficial venous system can frequently be identified. These 
are often quite removed from the primary abnormality. 

4. A coronal projection may be helpful in identifying vascular 
structures which are not evident on the routine sections. 

CT scans of vascular malformations including a cerebellar 
venous angioma illustrated these points. Appropriate angio- 
graphic findings were correlated with the CT scans. Similarity 
to enhancing cerebral infarcts were also demonstrated. 


Basic concepts of xeromammographic image analysis. Zeman 
GH, Rao GUV, Osterman FA, James AE Jr, Ingram MD (Vander- 
bilt University Hospital, Nashville, Tennessee). 


In this exhibit, the basic concepts of xeroradiographic image 
analysis are presented. Increased understanding of these con- 
cepts has led to the introduction of automatic exposure termi- 
nation in xeromammography. The theoretical principles and 
the calibration procedure to achieve automatic exposure termi- 





nation were illustrated. Clinical examples demonstrated the 
value of automatic exposure termination in routine practice. 


Urethral abnormalities in infants and children. Watts FB Jr, 
Reed JO, Perlmutter AD (Children's Hospital of Michigan, De- 
troit). 


This exhibit demonstrated several urethral abnormalities in 
the pediatric age group which are of importance both radio- 
graphically and urologically. Examples included urethral diver- 
ticula, strictures, valve duplications, traumatic lesions, etc., 
with radiographs, endoscopic views and line drawings, as well 
as discussions of congenital urethral diverticula and congenital 
strictures. 


Grey scale ultrasonographic evaluation of the normal and 
diseased gallbladder. Gosink BB, Grandjean NE, Leopold GR 
(Veterans Administration Hospital, San Diego, California). 


Ultrasonographic evaluation of the gallbladder with grey 
scale imaging allows precise delineation of gallbladder wall 
thickness and contents. The diversity in size, shape, and loca- 
tion of individual gallbladders is also graphically demonstrated 
by this modality. 

In addition to improved technology, refinements of technique 
also produce better visualization of the gallbladder and its 
contents. The use of the left lateral decubitus position plays an 
important role in the assessment of the gallbladder in patients 
whose initial supine studies are suboptimal. Grey scale imaging 
coupled with appropriate patient positioning techniques have 
markedly increased the diagnostic capabilities of ultrasound in 
the evaluation of the gallbladder. 

Examples of the ultrasonographic appearance of a variety of 
disease entities, including gallbladder wall edema, gallstones, 
cystic duct obstruction, etc., were illustrated in this exhibit. 


Cardinal radiographic signs of articular disease: a re-evalua- 
tion. Resnick D, Niwayama G (Veterans Administration Hospi- 
tal, San Diego, California). 


An analysis of cardinal roentgen features of articular disease 
is accomplished utilizing extensive radiographic-pathologic 
correlation. Joint anatomy and mechanisms of disease are 
stressed, and radiographic features are explained on the basis 
of pathophysiologic alterations. Granulomatous arthritis (rheu- 
matoid arthritis, ankylosing spondylitis, psoriatic arthritis, Rei- 
ter's syndrome) is characterized by synovial alterations which 
account for joint space narrowing, osteoporosis, and bony 
erosion. Gout is associated with focal cartilage and bone 
destruction and extraarticular urate collections which explain 
respectively relative preservation of joint space and periarticular 
erosions. Osteoarthritis and calcium pyrophosphate deposition 
disease produce cartilage fibrillation, joint space narrowing, 
cysts and osteophytosis. The focal bone ischemia in osteone- 
crosis is associated with cartilage integrity resulting in bone 
destruction and preservation of joint space. 


Other Excellent Exhibits 


Case of the day — pediatric. Wilkinson R, Lebowitz R, Teele R 
(Children's Hospital, Harvard, Massachusetts). 


A different pediatric case was presented daily; pertinent 
clinical history was given, and significant radiographs shown. 


Case of the day — adult. Schatzki SC, Foster S (Mount Auburn 
Hospital, Cambridge, Massachusetts). 


Each day a different case in the field of adult radiology was 
presented. 


Angiography of subdural empyema. Prater WK, Gerald BE 
(University of Tennessee, Memphis). 


The angiographic findings in seven patients with proven 
subdural empyema were presented. Postoperative infections 
were not included. The empyema was supratentorial in six with 
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two of these being interhemispheric and with the seventh case 
infratentorial. In two patients, the empyema was secondary to 
osteomyelitis. Angiographic findings were varied. with an ex- 
traaxial mass most common, followed by focal arterial and 
venous changes and enlarged meningeal vessels. In one pa- 
tient, the angiogram was normal. There are few specific angio- 
graphic findings of subdural empyema but awareness of the 
varied angiographic findings will improve the presently low 
angiographic diagnostic accuracy. 


The diagnosis of extracerebral fluid collections by computer- 
ized tomography. Chiu LC, Cornell SH, Christie JH (University 
of lowa, lowa City). 


A total of 100 cases of epidural hematomas and empyemas, 
subdural hematomas and hygromas, and convexity subarach- 
noid hemorrhages have been studied. The CT scans frequently 
show the extracerebral fluid collection which may be of in- 
creased, decreased, or mixed density. In some cases, the fluid 
is not seen and only ventricular shift or compression, pineal 
shift or effacement of sulci is present. The changes may be 
quite subtle. The frequency of the various CT changes and the 
incidence of false negatives and false positives have been 
studied. 


Cryptic and thrombosed intracranial vascular malformations — 
some radiologic considerations. Batnitzky S, Yune HY (Indiana 
University, Indianapolis). 


Although the angiographic features of intracranial vascular 
malformations are characteristic and usually present no diag- 
nostic difficulty, in rare instances angiography may fail to 
demonstrate these malformations. A group of pathologically 
proven intracranial vascular malformations, in whom angiogra- 
phy did not demonstrate the malformation, were investigated 
by different radiographic procedures. These included plain 
skull films, radionuclide brain scans, angiography, pneumoen- 
cephalography, and computerized tomography. 

Plain film findings included the demonstration of the pres- 
ence of intracranial calcification. The advent of computed 
tomography, although not pathognomonic, has been helpful in 
the diagnosis and management of these lesions. Computed 
tomography demonstrated the altered density of the throm- 
bosed or fibrosed vascular malformation. In the case of cryptic 
or microscopic malformations, computerized tomography dem- 
onstrated the associated intracranial hematoma. 


The value of computed tomography in spinal lesions — some 
practical aspects. Chynn KY, Finby N (St. Luke's Hospital 
Center, New York, New York). 

In contrast to the abundance of CT literature on the brain, 
the number of works dealing with the diagnostic value of CT in 
spinal lesions is limited. This exhibit presented a group of 
interesting cases with spinal lesions, and illustrated the wide 
spectrum of valuable applications of CT in these conditions. 
These include osseous and nonosseous lesions of various 
etiology, including trauma, infection, and neoplasm. It is con- 
cluded that CT, when properly performed and correlated with 
conventional radiography, laminography, and myelography 
when indicated contributes significantly to the final understand- 
ing of many spinal disorders. 


Value of radionuclide studies in moya moya disease. Anderson 
CL, Schulz EE (Loma Linda University, Loma Linda, California). 


Although the value of radionuclide studies in moya moya 
disease has been seriously questioned, the dynamic radionu- 
clide angiogram was shown to document significantly delayed 
cerebral transit time in four patients with moya moya vascular 
occlusive disease. In addition, all four patients showed infarct 
patterns of increased uptake on the static phase of the brain 
scan. The area of increased uptake did not show an infarct 
pattern on the cerebral angiogram done in each case. 

In one child with a seizure disorder, the abnormal focus 
corresponded to an area of abnormality seen only during 
hyperventilation electroencephalography. Both the angio- 


graphic and computed tomographic examinations showed no 
evidence of infarction in this case. 

Another patient with no angiographic findings of infarct later 
underwent superficial temporal artery-middle cerebral artery 
transcranial revascularization, but only after the scan showed 
clearing of an infarct pattern. 

Despite references in literature that brain scanning is not 
highly productive, in our small series of patients, brain scanning 
is considered to be of specific value in the workup of moya 
moya cases. 


Malignant tumors of the sinuses: radiological, clinical and 
pathological evaluation. Weber AL, Tadmore R, New PFJ, 
Davis KR, Momose KJ (Massachusetts Eye and Ear Infirmary, 
Boston). 


Malignant tumors of the sinuses are comparatively rare. 
However, early diagnosis is important if a cure is to be achieved. 
This exhibit illustrates the roentgenographic findings encoun- 
tered in carcinoma of the paranasal sinuses. Conventional 
sinus films and polytomographic study of the sinuses are the 
main diagnostic procedures in the diagnosis of tumors of the 
sinuses. Computed axial tomography is a new modality and 
has proven helpful in delineating the extent of the tumor in the 
nasal cavities, adjacent orbits, pterygomaxillary space and in- 
fratemporal fossa. Computed tomography was shown with spe- 
cial reference to its additional value in comparison with the 
conventional radiographic studies. An attempt was made to 
establish criteria for this type of examination. The different 
pathological tumors and their relative frequency were demon- 
strated. 


Incidence and types of variations in aeration of paranasal 
sinuses. Yune HY, Scott PL (Indiana University, Indianapolis). 


A wide range of variations exist both in the extent and the 
pattern of aeration of paranasal sinuses. Arrested or unusual 
pattern of aeration sometimes poses a diagnostic problem. 
Although the major variations are well Known some of the rare 
variations are frequently mistaken as a pathological entity. We 
reviewed approximately 2,000 radiographic series of paranasal 
sinuses to identify these rare patterns of variation and find their 
incidence in order to provide a statistical basis for future 
analysis of radiographic anatomy of the paranasal sinuses. 


Does thyroid scanning with '??| delineate anterior nonfunction- 
ing thyroid nodules? Winter PF, Esser PD, Johnson PM (Lahey 
Clinic, Boston, Massachusetts). 


Anterior scans with '?3| solution in a thyroid phantom and O, 
1, 2, and 3 cm water columns over each lobe were obtained 
using a Picker MagnaScanner 500/D. No defects were seen 
with 0 and 1 cm water columns. A defect in each lobe was 
barely discernible with 2 cm water columns and only unequivo- 
cally visible with 3 cm water columns. 

It is concluded that a palpable, anteriorly placed, nonfunc- 
tioning nodule that has not displaced or thinned underlying 
thyroid tissue must exceed a thickness of 2 cm before it is 
detectable on a thyroid scan with 1°31. 


Multiple levels spinal injuries: the importance of early recog- 
nition. Calenoff L, Chessare J, Rogers LF, Toerge J, Rosen JS 
(McGaw Medical Center, Northwestern University, Chicago, 
Illinois). 


In our study of 470 patients with spinal injuries, 22 (4.68%) 
had injuries at multiple levels. In most, only the major lesion 
was recognized initially. Additionally injuries 45% and 55% 
below the primary injury were subsequently identified. The 
early recognition of all levels of injury is important in order to 
minimize complications. When a significant injury of the spine 
is identified the entire spine should be examined to search for 
additional fractures. The 22 cases were reviewed to identify 
patterns of associated injury. Knowledge of such patterns is of 
value in preventing oversights. 
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Roentgen examination of the acutely traumatized cervical 
spine. Powers B, Gehweiler JA Jr, Schaaf RE, Miller MD, Cable 
HF (Duke University, Durham, North Carolina). 


About two-thirds of fractures and/or dislocations of the cer- 
vical spine may be recognized on a cross-table lateral view. 
However, the most common fracture of the cervical spine 
involves the structures of the vertebral arch (50% of all patients 
in the Duke series of over 400 patients). Such fractures are 
usually best visualized on frontal, oblique or vertebral arch 
views. We show how to obtain a complete examination of the 
cervical spine with the patient supine. No special equipment is 
required to perform the examination. 


Lateral hyperflexion injuries of the cervical spine. Schaaf RE, 
Gehweiler JA Jr, Miller MD, Powers B, Cable HF (Duke Univer- 
sity, Durham, North Carolina). 


Lateral hyperflexion injuries of the cervical spine account for 
696 of all cervical spine trauma. We presented a new classifica- 
tion of these injuries (five types will be discussed), to review 
the pertinent anatomy, discuss the causes and mechanism of 
injury, and to review the differential diagnosis for each type of 
fracture. 


Hyperextension  fracture-dislocations of the cervical 
spine. Gehweiler JA Jr, Cable HF, Schaaf RE, Miller MD, 
Powers B (Duke University, Durham, North Carolina). 


The most common combined traumatic condition of the 
cervical spine is the hyperextension fracture-dislocation. Six 
distinct types were described in this exhibit. Many have never 
been reported in the radiology literature. 

Our purpose was to classify hyperextension fracture-disloca- 
tions, to discuss the probable mechanisms of injury, examine 
the subtle changes on radiographs that help establish the 
diagnosis, and to review the differential diagnosis. 


Overlapping features of scleroderma (PSS), systemic lupus 
erythematosis (SLE), and rheumatoid arthritis (RA). Silver TM, 
Braunstein EM, Martel W (University of Michigan, Ann Arbor). 


This exhibit illustrated the spectrum of radiographic abnor- 
malities in patients with overlapping features of PSS, SLE, and 
RA. These include alignment abnormalities of bones and joints, 
soft tissue calcifications, ungual tuft and marginal erosions, 
esophageal dilatation, pleural and pericardial effusions, and 
pulmonary interstitial fibrosis. These overlapping features seem 
to distinguish this group of patients from those with either 
PSS, SLE, or RA alone. Although the sera of some patients 
contained specific antibody to extractable. nuclear antigen, 
labeling them as mixed connective tissue disease (MCTD), the 
radiologic features of these cases do not appear different from 
those of the overlap group as a whole. If radiographic features 
of more than one diffuse connective tissue disease are present, 
the radiologist should suggest the diagnosis of "overlap syn- 
drome," which has significant prognostic and therapeutic im- 
plications. 


Roentgenologic manifestations of pulmonary thromboembo- 
lism and infarction. Catalana DA, Dunbar RD (Loma Linda 
University, Loma Linda, California). 


This exhibit demonstrated pulmonary embolism with and 
without infarction. Most of these embolisms without infarction 
showed no plain abnormalities. Resolution is 7-10 days for 
hemorrhage without infarction; 20-35 days for infarction. 


The popliteal fossa: anatomic, radiographic, and pathologic 
correlation. Holden RW, Scott PL, Shellhamer RN, Gladden Cl 
(Indiana University, Indianapolis). 


This exhibit demonstrated normal anatomic features of the 
popliteal fossa. The correlation of various pathologic entities 
and their morphologic change was presented. The role of the 
venogram and arteriogram for assessment of pathology was 
emphasized. 





Giant cell tumors and aneurysmal bone cysts. A review of the 
angiographic manifestations. Yaghmai l, Rooholamini SM 
(Medical College of Virginia, Richmond). 


The plain radiographic and histopathologic similarities of the 
giant cell tumor and so-called aneurysmal bone cyst are well 
known. The aneurysmal bone cyst as a pathologic entity has 
been questioned, and the term is misleading since it neither is 
a cyst nor does it represent an aneurysm. These tumors proba- 
bly represent a spectrum of the same tumor, in which giant cell 
tumors which have developed greater cystic and hemorrhagic 
component are called aneurysmal bone cysts. Pathologists in 
some institutions have therefore used the term "cystic giant 
cell tumors," reflecting this similarity. 

Our experience with the angiographic evaluation of 32 proven 
cases of pathologically designated giant cell tumor and aneu- 
rysmal bone cyst indicated that it was very difficult to distinguish 
these lesions from each other, particularly in early stages of the 
disease. Although we did recognize some differences in the 
angiographic appearance of those tumors which had greater 
cystic components, the two types of lesions were basically 
indistinguishable angiographically. Angiographic diagnosis of 
this group of tumors is most appropriately termed giant cell 
tumor, with a notation as to the degree of cystic development, 
rather than attempting to distinguish a separate group of tumors 
under the term “aneurysmal bone cyst." 


A biochemical hypothesis to explain the bone changes of 
copper deficiency. Heller RM, Kirchner SG, Greene HL, O'Neill 
JA, Hough AS Jr (Vanderbilt University, Nashville, Tennessee). 


We recently studied a newborn with a neuroblastoma arising 
from the left adrenal gland. Because of invasion of the celiac 
artery with resultant bowel necrosis, the infant received total 
parenteral nutrition with added vitamins for 7 months. During 
this time bone changes that were radiologically and pathologi- 
cally indistinguishable from scurvy developed. Normal plasma 
ascorbate and markedly depressed plasma and liver copper 
levels were documented. We propose a mechanism whereby 
bone changes of copper deficiency can mimic those of scurvy. 

Our hypothesis is that abnormal collagen is the common 
denominator of the bone changes due to both copper and 
ascorbic acid deficiency. Ascorbic acid deficiency results in 
decreased hydroxylation of proline and lysine yielding defective 
procollagen. Copper deficiency results in abnormal mature 
collagen by virtue of deficient cross-links required to stabilize 
the 3-strand helical configuration of collagen. Thus, this hy- 
pothesis explains the radiologic and pathologic similarity of 
these two deficiency states on the basis of abnormal collagen. 


The radiology of quadriplegia and paraplegia. Feczko WA, 
Pittman TA, Marasco JA Jr, Armfield SL, Kim JH (St. Francis 
General Hospital, Pittsburgh, Pennsylvania). 


This exhibit reviewed the osseous, cartilaginous, soft tissue, 
genitourinary, and gastrointestinal radiologic manifestations 
observed in paraplegic and quadriplegic patients. Both acute 
and chronic changes were shown including progressive carti- 
lage atrophy and subsequent joint fusion. Decubitus ulcers and 
their complications were demonstrated. Examples of myositis 
ossificans and heterotopic bone formation are presented. Gen- 
itourinary complications including stone formation, bladder 
calculi, TUR-like defects, and reflux into the seminal vesicles, 
vas deferens, and prostatic glands were demonstrated. 


Tuberculosis: the frequency of presentation with unusual 
radiographic findings. Miller WT, MacGregor RR (Hospital of 
the University of Pennsylvania, Philadelphia). 


Tuberculosis, today, commonly presents with unusual radio- 
graphic manifestations. Unusual manifestations were illustrated 
and the frequency of unusual presentation tabulated. 


Radiologic aspects of mediastinal granuloma. Rabinowitz JG, 
Wieder S, Phillips JC (University of Tennessee, Memphis). 


Mediastinal granuloma is a term referred to caseous or 
fibrocaseous nodes within the mediastinum. The predominant 
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organism causing this entity has been shown to be histoplasma 
capsulatum. Mediastinal granuloma occurs in both an acute 
and chronic form. The acute form refers to the acutely enlarged 
lymph nodes without evidence of parenchymal disease. The 
main symptomatology is related to the compression of neigh- 
boring structures, e.g. esophagus, heart and bronchus, as well 
as to generalized symptoms. Although dysphagia has been 
reported to be a minor complaint, we have experienced this as 
the presenting symptom in four patients. The diagnosis of 
mediastinal granuloma was only established during the evalua- 
tion of this finding. The acute granuloma will resolve in most 
patients. A small number of patients will progress into the 
chronic form that is characterized by fibrous mediastinitis. This 
is a malignant fibrosis and engulfs most of the mediastinal 
structures producing superior vena cava syndrome, pulmonary 
artery and venous obstruction, stricture of the esophagus, etc. 
The entire spectrum of mediastinal granuloma in both forms 
and its complications were demonstrated. 


Chronic pleural thickening: a sign of asbestos exposure. Ochs 
CW, Smith JP, Goodman L, Sargent EN (National Naval Medical 
Center, Bethesda, Maryland). 


Pleural changes seen during routine radiography are now 
being related to asbestos exposure. Asbestos is used in the 
manufacture of many everyday items and exposure often occurs 
unknowingly. Evidence suggests that 196-596 of men over 50 
years of age have evidence of chronic pleural thickening identi- 
cal to that seen in asbestos workers. Most relate no occupa- 
tional exposure. Clinical significance of the pleural changes is 
not known. However, occupational studies have shown an 
increase in lung cancer and mesothelioma in asbestos workers. 

The criteria for making the diagnosis of chronic pleural 
thickening were presented. Normal anatomic structures and 
other conditions which may simulate the pleural thickening 
were also shown. 


Vascular causes of mediastinal masses: an approach. Man- 
nes E, Kelley MJ, Ravin CE (Yale University, New Haven, 
Connecticut). 


This exhibit emphasized the importance of considering vas- 
cular lesions in the differential diagnosis of mediastinal masses. 
Recognition of vascular origin will either obviate unnecessary 
surgery or define a remedial vascular lesion. An approach to 
this problem illustrated with angiographically proven examples 
was given. The role of computerized tomographic scanning 
and nuclear flow studies in evaluation of these lesions was 
considered. Lesions demonstrated included: technical prob- 
lems; right sided aortic arch; anomalies of the azygos system; 
aortic arch and great vessel aneurysms; coarctation of the 
aorta; double aortic arch; superior vena enlargement; pulmo- 
nary sling; total anomalous pulmonary venous return; persistent 
left superior vena cava; central and unilateral pulmonary artery 
dilatation of various causes, and ductal aneurysm. 


Pulmonary histoplasmosis—clinical-radiologic correlation. 
Prater WK, Rabinowitz JG, Silver JI, Wieder S, Young J, Farrell 
G (University of Tennessee, Memphis). 


An ongoing study of approximately 100 patients with proven 
histoplasmosis was evaluated and correlated with clinical and 
radiological features of this disease. In addition, the more 
unusual features of this disease such as cavitation in the acute 
stages and the transition of acute mediastinal granuloma into 
the chronic fatal form of fibrous mediastinitis were evaluated 
and correlated. The results of these studies were presented as 
a combined clinical-radiological correlation. 


intrapulmonary metastatic neuroblastoma. Stigall R, Smith 
WL, Franken EA, Smith JA, Crussi FG (Indiana University, 
Indianapolis). 

Neuroblastoma is one of the most common malignant tumors 
of childhood. As such it has a tendency to disseminate widely 
to the liver, bone, meninges and facial structures; however, 
pulmonary metastases are unusual. 


Review of neuroblastoma patients at Riley Hospital demon- 
strated three discrete anatomic radiographic patterns of pul- 
monary involvement. Several children had direct pulmonary 
extension from pleural or mediastinal masses. A second group 
demonstrated clearly intralymphatic tumor at autopsy and nor- 
mal radiographs. The third pattern was seen in only one patient 
who had a distinctive interstitial pattern with Kerly B lines on 
chest radiograph and in whom autopsy showed intracapillary 
neuroblastoma. 


The earliest roentgenographic features of lung cancer. Miller 
WE, Muhm JR, Stitik FP, Sanderson DR, Fontana RS, Heelan R 
(Mayo Clinic, Rochester, Minnesota). 


A total of 35 cases demonstrated what should be the earliest 
radiologic features of bronchogenic carcinoma. All were de- 
tected, after additional normal chest roentgenogram, on serial 
4 monthly interval films obtained during a prospective study 
(NCI sponsored) for early detection of lung cancer in a high 
risk group (male smokers over age 40). Tumors presented as: 
(1) peripheral nodules usually with ill defined borders; (2) 
central or perihilar masses, often with obstructive pneumonitis. 


Radiographic-clinical correlations in adult aspiration pneu- 
monia. Effman EL, Kross DE, Putman CE (Yale University, New 
Haven, Connecticut). 


Most radiographic studies of aspiration pneumonia have 
concentrated on the aspiration of gastric contents (Mendel- 
sohn's Syndrome). The direct aspiration of food and secretions 
has received little attention. This exhibit delineated the types of 
aspiration that can occur in a general hospital setting and will 
correlate the aspirated innoculum with the clinical course and 
radiographic pattern. Chest radiographs may often first suggest 
the diagnosis of aspiration pneumonia and specific radio- 
graphic patterns may be helpful in distinguishing the type of 
aspirated innoculum. The use of a cytological technique to 
improve the diagnosis of aspiration was demonstrated. 


Abnormal vessels mimicking lung disease. Zajko AB, Oh KS, 
Bron KM, Park SC (University of Pittsburgh, Pittsburgh, Penn- 
sylvania). 


The circulatory system of the lung is composed of the pul- 
monary vasculature, the bronchial circulation, and the lymphat- 
ics. Abnormalities of these vessels may mimick lung disease 
radiographically such as, fibrosis, mass lesion or pneumonia. 
Illustrated and discussed were: (1) abnormal bronchial arteries 
with cardio-vascular disease and with chronic lung disease; (2) 
pulmonary arterio-venous malformation; (3) pulmonary telan- 
giectasia; (4) pulmonary lymphangiectasia; (5) pulmonary artery 
aneurysm; (6) pulmonary varix; and (7) pulmonary veno-occlu- 
sive disease. 


The left inferior pulmonary ligament: radiographic signifi- 
cance. Mintzer RA, Jakes W, Johnson C, Neiman HL (McGaw 
Medical Center of Northwestern University, Chicago, Illinois). 


Pathologic processes confined to or by the left inferior 
pulmonary ligament (LIPL) present a confusing radiographic 
appearance. They often simulate left lower lobe collapse. Radio- 
logic awareness of this normal structure is limited because in 
the normal state the LIPL is not visualized on the chest radio- 
graph. Unlike left lower lobe collapse, processes in the ligament 
may extend above the level of the left hilum. This is a valuable 
radiographic finding in confirming that a triangular density 
seen behind the left heart border is disease in or confined by 
the pulmonary ligament rather than a left lower lobe collapse. 


The spectrum of radiographic findings in allergic bronchopul- 
monary aspergillosis (ABPA). Mintzer RA, Rogers LF, Neiman 
HL, Rosenberg M, Kruglik GD (McGaw Medical Center of 
Northwestern University, Chicago, Illinois). 


Early diagnosis of allergic bronchopulmonary aspergillosis 
(ABPA) and early initiation of corticosteroid therapy is important 
in preventing irreversible damage to the bronchi and lung 
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parenchyma. The earliest radiographic manifestations of this 
disease may be present only on bronchograms. In addition to 
the classic radiographic findings (ring, parallel line, tooth paste 
and gloved-finger shadows) pseudohilar adenopathy and air 
fluid levels were frequently demonstrated. 


Spectrum of cystic disease of the lung in association with 
carcinoma. Melnick GS, Harman E, Dhakhwa R, Wychulis A, 
Safirstein B, Maravilla R (St. Michael's Medical Center, Newark, 
New Jersey). 


Ten cases were presented demonstrating the wide range of 
association between various forms of "cystic disease" of the 
lung and carcinoma. Included were two relatively young pa- 
tients with spontaneous pneumothoraces, who then rapidly 
developed massive carcinomas of the lung, after "negative" 
initial chest x-rays. Two cases were shown of carcinoma grow- 
ing within a preexisting bulla. Other cases showed carcinoma 
developing in the presence of bullous disease, but not within 
the bullae. One case demonstrated an initially cavitary carci- 
noma in a young woman, later complicated by aspergillosis. All 
but one of the patients were less than 50 years of age. Except 
for the patient with the solitary cavitary lesion, all were males. 
There is one long-term survivor in the group. Of particular 
interest are the two patients presenting with spontaneous pneu- 
mothoraces, with no signs of mass. The likelihood of an endo- 
bronchial ballvalve effect as a first manifestation of growing 
tumor was also discussed. 


Comparison of computed and conventional whole lung tomog- 
raphy in the detection of pulmonary metastases. Schaner 
EG, Chang AE, Doppman DL, Conkle DM, Rosenberg SA (Na- 
tional Institutes of Health, Bethesda, Maryland). 


Whole lung conventional and computed tomography was 
performed on 18 patients with clinical diagnoses of osteogenic 
sarcoma, Ewings sarcoma, rhabdomyosarcoma, and mela- 
noma. All had unilateral pulmonary nodules demonstrated on 
x-ray tomography and underwent thoractomy within 5 days of 
CT scans. In this prospective radiologic-pathologic study, CT 
defined twice as many nodules as standard tomography; the 
majority being pleural or subpleural in location and measuring 
3-6 mm in diameter. Only 3096 of these additional nodules 
proved to represent metastases; the remainder were benign 
pleural based lymph nodes or granulomas. 


Revised radiologic concepts of the Barrett esophagus. Robbins 
AH, Vincent ME, Saini M, Hermos JA (Tuft University, Boston, 
Massachusetts). 


The ready availability of fiberoptic esophagoscopy and 
esophageal biopsy techniques has led to increased recognition 
of the columnar-lined (Barrett) esophagus. In the past 5 years 
we have observed more than 30 histologically proven cases. 
Review of this material indicated that the classic radiologic 
stereotype of this lesion (high esophageal ulcer and/or stricture) 
is not its typical presentation. We have observed a wide variety 
of radiologic findings variably occurring alone or in combina- 
tion: including hiatus hernia, gastroesophageal reflux, ulcers, 
stricture, minor mucosal irregularity and even apparent normal- 
ity. Our data support the concept that this lesion is acquired, 
possibly premalignant, and usually related to reflux esophagitis. 


Ultrasound in orthopaedics. Estwanik JJ, Martin JF, Gristina 
AG, McKinney WM (Bowman Gray School of Medicine, Winston- 
Salem, North Carolina). 


The technique of ultrasound has been applied to clinical 
orthopaedics only to a limited degree. The normal examination 
of selected joints and related structures was presented. Se- 
lected case studies demonstrated additional pertinent informa- 
tion obtained by ultrasound technique. Tumors, abscesses, 
and malformations of the extremities were presented to estab- 
lish the usefulness of sonography in the demonstration of the 
extent, margination, and content of both soft-tissue and bony 
lesions. 


Fetal echocardiography. Bartley BR, Penry MF, Nelson LH, 
Nomeir AM, Rieker RP, Martin JF (Bowman Gray School of 
Medicine, Winston-Salem, North Carolina). 


Work is now in progress to combine obstetrical gray scale 
scanning and pediatric cardiology. Fetal heart valves are iden- 
tified on M-mode after a routine B scan has been performed. 
Fetal mitral, tricuspid, aortic, and pulmonic valves as well as 
the interventricular septum and the ventricular walls have been 
identified. The technique poses a few problems at present with 
fetal motion, fetal position, and the absence of a fetal EKG for 
timing intervals. Once these difficulties are overcome, it will be 
possible to detect cardiac anomalies. Early detection would 
alert physicians to possible cardiac difficulties at the time of 
delivery. 


Retrotracheal line as a guide for therapy of esophageal 
carcinoma. Daffner RH, Fetouh SA (Veterans Administration 
Hospital, Durham, North Carolina). 


The retrotracheal line is a definable anatomic structure seen 
on lateral chest radiographs. This line is often bowed anteriorly 
in various disorders of the esophagus. In cases of esophageal 
carcinoma involving the middle third, the presence of this 
finding is useful in preoperative staging and therapy planning 
for these patients. All cases of esophageal carcinoma seen at 
the Veterans Administration Hospital and at Duke University 
Medical Center over the past 5 years were reviewed. Our results 
indicate a retrotracheal abnormality is present in approximately 
7.0% of the cases in which films were available for study. 
Furthermore, our findings indicate an increased incidence of 
development of tracheo-esophageal fistula. 


Mechanical double slit mammography. Gur D, Sashin D, Her- 
bert DL (University of Pittsburgh, Pittsburgh, Pennsylvania). 


To improve contrast of mammograms we are developing and 
evaluating a mechanical moving slit system which reduces the 
detection of scattered radiation and does not increase the 
radiation exposure. The system incorporates two moving slit 
collimators that traverse the patient’s breast during the expo- 
sure in a synchronous way; one in front of the breast and the 
other between the breast and the detector. This technique has 
been evaluated in a series of phantom and clinical studies. 
Contrast improvements by as much as 5096 were measured in 
the images of phantoms in which low contrast objects had 
been embedded in scattering material to simulate the breast. In 
preliminary clinical studies the quality of diagnostic information 
was superior on the images obtained with the moving slit 
technique as compared to those obtained without this tech- 
nique. 


Esophageal moniliasis. Lewicki AM, Moore JP (George Wash- 
ington University, Washington, D.C.). 


From the authors' personal experience of a dozen cases and 
a review of previously published reports, the clinical and radio- 
graphic spectrum of esophageal moniliasis was presented. It 
typically occurs in a patient with a chronic debilitating disease, 
and one receiving cortico-steroids, chemotherapy, and/or ra- 
diation. Dysphagia associated with intense pain localized to the 
upper retrosternum is the usual presenting symptom. Oral 
thrust may be absent. Symptoms are not relieved by antacids 
but may improve rapidly with antifungal therapy. Symptoms 
may disappear in as short a period as 2 days, and the esophagus 
may return to a normal appearance radiographically in 5 days. 
The disease can recur and in rare instances lead to permanent 
stricture. 

Radiographic findings include changes in esophageal motil- 
ity which are characterized by diminished primary and second- 
ary waves. Spasm is less frequent, aspiration into the tracheo- 
bronchial tree rare. The distal two-thirds of the intrathoracic 
esophagus are most frequently involved. The esophageal lumen 
is narrowed from mucosal edema and the overlying pseudo- 
membrane. Early in the disease one may see minor irregularities 
of esophageal mucosa, later this progresses to nodularity both 





396 EXHIBITS 


from direct seeding of Candida colonies and mucosal edema. 
This progresses to frank ulcerations. The ulcers are multiple 
and of varying size. Occasionally a double-tract develops from 
penetration of barium under a detached pseudomembrane. 
Contrast adheres to the esophageal mucosa for prolonged 
periods because of its dryness and ineffective peristalsis. 

The exhibit also illustrated the differential radiographic diag- 
noses which must be considered. These include: esophageal 
varices, carcinoma of the esophagus, corrosive esophagitis, 
leukemic infiltration, intramural diverticulosis, Crohn's disease, 
and tuberculosis. 


Radiologic aspects of Beck gastric tube in esophageal recon- 
struction. Fetouh SA, Daffner RA, Postlethwait RW, Millar RC 
(Duke University, Durham, North Carolina). 


A safe method for satisfactory palliation of patients with 
inoperable carcinoma of the esophagus has not been estab- 
lished. The inability to swallow even saliva without aspiration 
makes the terminal weeks of life intolerable. This exhibit de- 
scribed the surgical procedure utilizing the Beck gastric tube 
and discussed its radiologic features in both uncomplicated 
and complicated patients. The procedure has been in use at 
Duke University Medical Center and the Veterans Administration 
Hospital in Durham, North Carolina for over 2 years. Our 
experience with 19 patients treated during that period was 
reported. 


Microfocus magnification techniques in mammography. 
McSweeney MB, Sprawls P, Egan RL (Emory University, 
Atlanta, Georgia). 


Radiographic quality obtained with intensifying screens and 
conventional x-ray tubes is usually adequate for routine mam- 
mography. When improvement in image quality is needed, as 
with microcalcifications, a microfocus x-ray tube and magnifi- 
cation techniques can be employed. When used with screen- 
film receptors or xeroradiography the microfocus/magnification 
technique decreases blur, enhances contrast, and decreases 
noise as compared to both conventional mammography and 
nonmagnification exposures utilizing microfocus tubes. 

Exposures of phantoms have been made using microfocus/ 
magnification, microfocus/contact, and conventional tech- 
niques. Microfocus/magnification spot views were obtained on 
selected patients. Improved image quality with both film and 
xeroradiographic receptors was obtained with microfocus/mag- 
nification. Dosimetry was performed. The trade-off between 
image quality and patient exposure was illustrated. 


Calcifications within the duct of Wirsung in calcific pancreati- 
tis. Hacken JB, Baer JW (St. Luke's Hospital Center, New York, 
New York). 


Review of abdominal radiographs of 50 patients with the 
clinical diagnosis of chronic pancreatitis showed calcific pan- 
creatitis in 27. Ten patients had severe pain associated with 
weight loss. Five had obstruction of the duct of Wirsung: one 
by a pseudocyst and four by large stones near the ampulla of 
Vater. The radiologic workup presented emphasized the need 
to study the duct of Wirsung in patients with chronic pancreati- 
tis to guide the surgical approach for relief of intractable pain. 
Theories regarding the pathophysiology of calcium deposition 
and stone formation and migration were reviewed. 


Arteriovenous shunts involving the liver. Adler J, Goodgold 
M, Mitty H, Gordon D, Kinkhabwala M (Westchester County 
Medical Center, Valhalla, New York). 


This exhibit presented 14 new cases of arterio-venous shunts 
visualized at angiography which involved the liver circulation. 
A review of the literature tabulated all previously published 
angiograms containing AV shunts of the liver. A new complete 
differential diagnosis with examples of each category was 
offered. This review indicated that the most common diagnosis 
in a patient found to have an intrahepatic arteriovenous fistula 


without a definite history of trauma would be a primary neo- 
plasm. Pitfalls in interpretation of this rare, surprise angio- 
graphic finding were emphasized. 


The complications of oral contraceptive use: their radio- 
graphic manifestations. Poyatos CR, Roberts SR Jr, Sones PJ 
Jr, Hatcher R, Sewell CW (Emory University, Atlanta, Georgia). 


The cervical gland epithelium and leiomyomas may undergo 
hyperplasia in women on oral contraceptives (OC). Similar 
hyperplastic changes may involve the vascular endothelium 
and intima. Such changes may be associated with vascular 
thrombi and result in clinically detectable disease. OC may 
induce changes in both arteries and veins. Illustrated examples 
of such venous disease included peripheral thrombophlebitis, 
portal thrombosis, hepatic venous thrombosis (Budd-Chiari 
syndrome), periportal sinusoidal dilatation (peliosis), and sag- 
gital sinus thrombosis. Examples of OC-induced arterial disease 
included thromboses of the superior mesenteric, celiac, cere- 
bral, coronary and pulmonary arteries. Radiographs of liver 
adenoma and cholesterol cholelithiasis associated with OC are 
shown. 


Angiographic and  sonographic evaluation of arteria 
magna. Randall PA, Omar MM, Bryan PJ, Dinn WM (State 
University Hospital, Syracuse, New York). 


Arteria magna was first described by Leriche in 1945. Since 
then, some reports have appeared in the European literature 
but none in this country. Arteria magna is a peculiar form of 
atherosclerosis with marked dilatation, tortuosity, and slow 
flow in the arteries of the lower extremities. Ultrasound exami- 
nation was found helpful in supplementing angiography to 
demonstrate the aneurysmal dilatation, to show the size of the 
actual lumen, to unravel some of the anatomy and to demon- 
strate complications such as leakage or rupture. This exhibit 
presented the angiographic and ultrasonic findings in five 
patients with this entity. Pathologic findings were also pre- 
sented. 


Ultrasonography in extrahepatic biliary obstruction. Asokan 
S, Rao P, Alagartnam D, Pinc RD, Nagendran S (Cook County 
Hospital, Chicago, Illinois). 


Of the 49 patients who were referred to rule out extrahepatic 
biliary obstruction, 22 were considered by ultrasound to be 
extrahepatic biliary obstruction, and 20 were proven correct 
(accuracy 91%). Of the remaining 27 who by ultrasound did not 
have evidence of extrahepatic biliary obstruction, three were 
incorrect (accuracy 89%). The overall diagnostic accuracy in 
diagnosing extrahepatic biliary obstruction by ultrasound was 
90%. When ultrasound was analyzed as to the causes of extra- 
hepatic obstruction, the accuracy was much less. 


Intraabdominal mass lesions — the value of contrast enhanced 
computed tomography (CT). Gerzof SG, Robbins AH, Widrich 
WC, Gerson ES, Pugatch RD (Veterans Administration Hospital, 
Boston, Massachusetts). 


A comparison of preliminary CT scans was made with scans 
obtained during an IV infusion of 300 cc Reno-M-Dip. Selective 
enhancement of vascular, inflammatory, and neoplastic struc- 
tures occurred providing information not obtainable from en- 
hanced scans. In 11 of 50 cases (22%) this technique directly 
altered patient management. Six cases of inflammatory 
masses showed a "Rind Sign” confirmed by electronic cursor 
readings and easily appreciated by the unaided eye. Demonstra- 
tion of this "Rind Sign" in three cases of walled-off localized 
abscess permitted percutaneous catheter drainage and pre- 
vented further surgery. Demonstration of a previously unsus- 
pected pseudoaneurysm changed the surgical approach and 
was lifesaving in one case. 
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CT findings in disorders of the pancreas. Ferrucci JT Jr, 
Wittenberg J, Black EB, Kirkpatrick RH, Schaffer DL (Massachu- 
setts General Hospital, Boston). 


This exhibit displayed the spectrum of CT findings in pan- 
creatic diseases based on examinations performed on the EMI 
prototype CT 5000 body scanner. Examples from 50 surgically 
proven cases and 100 normal patients were employed. Condi- 
tions illustrated included: adenocarcinoma including common 
features such as dilated pancreatic and biliary ducts and unu- 
sual findings such as associated pseudocysts and areas of 
intrapancreatic necrosis; acute and chronic pancreatitis includ- 
ing diffuse swelling, pancreatic atrophy and dilated pancreatic 
ducts, and the “shaggy” pancreas sign; pancreatic phlegmon, 
abscesses and pseudocysts, including examples of intrapan- 
creatic pseudocysts and infected pseudocysts with contrast 
enhancement of the wall; cystadenoma of the pancreas; peri- 
pancreatic lymph node metastases including lymphoma; and 
diagnostically important normal variants and technical pointers 
were illustrated eg.; distinction of fluid filled bowel loops vs. 
mass, values of decubitus views, CT "antral pad” sign, pseudo- 
mass due to scanty retroperitoneal fat. 


Percutaneous forceps extraction of retained bile duct 
stones. Fotopoulos JP, Caprini JA (Evanston Hospital, Chi- 
cago, Illinois). 


Complete (10096) success has been achieved in the nonoper- 
ative extraction of retained biliary duct stones in over 35 
patients. The use of a specially designed series of four metal 
forceps with variable end curves is used as the primary extrac- 
tion tool with the Burhenne catheter and Dormia basket used 
to remove residue fragments or to probe the smaller intrahe- 
patic ducts. The forceps are much better than the basket for 
grasping and fragmenting large impacted stones. There has 
been no post manipulation complication. 


Ultrasonography of the biliary duct system: a comparison 
with percutaneous transhepatic cholangiography. Neiman 
HL, Mintzer RA, Kruglik GD (Northwestern University, Chicago, 
Illinois). 


A comparative evaluation of diagnostic ultrasound and skinny 
needle (Chiba needle) transhepatic cholangiography to detect 
dilatation of the biliary duct system was undertaken. Twenty- 
four patients were examined by both modes. The patient popu- 
lation included those individuals with dilatation of the biliary 
tree and those ultimately shown to have intrahepatic jaundice. 
Both modalities were compared in their ability to detect dilata- 
tion of the biliary duct system and to detect the cause of the 
obstruction (where applicable). The ultrasonographic scans 
were also analyzed to determine characteristic findings of biliary 
tract dilatation. Results indicate that ultrasonographic scanning 
is an excellent screening technique to differentiate intrahepatic 
from extrahepatic causes of jaundice. 


Therapeutic applications of catheter cholangiography. Ring 
EJ, Oleaga JA, Freiman D, Husted J, Baum S (Hospital of the 
University of Pennsylvania, Philadelphia). 


Catheters can be introduced into the biliary tree either per- 
cutaneously, through a transhepatic approach, or through the 
lumen of a previously implanted drainage tube. The catheter 
can be used to provide external drainage above a biliary ob- 
struction. The catheter is advanced past an obstructing lesion 
and side holes are placed above and below an area of narrow- 
ing, internal drainage into the distal common bile duct and 
duodenum can be established. These techniques have been 
applied to 10 patients with obstructive jaundice with successful 
relief of jaundice in each case. 


Wandering spleen—the radiological and clinical spectrum. 
Burrell M, Gordon DH, Levin DC, Mueller CF, Becker JA, Russo 
R Jr (Yale University, New Haven, Connecticut). 


Ectopic location of the spleen in a position other than the 
left upper quadrant is an uncommon condition which is most 





often brought to the physician's attention when the spleen 
simulates a mass or undergoes torsion. Although preoperative 
diagnosis has been unusual, these cases display a characteristic 
constellation of findings which may be highly suggestive of the 
diagnosis. Abdominal films, barium gastrointestinal studies, 
intravenous urography, and sonography present typical pat- 
terns and the diagnosis can be confirmed by more specific 
procedures such as radioisotope scanning and angiography. 
Eight cases illustrating and defining this distinctive radio- 
graphic picture were presented. 


Significance of a blotchy nephrogram. Anderson C, Fritzsche 
P (Loma Linda University, Loma Linda, California). 


A blotchy nephrogram on late phase arteriograms is noticea- 
bly abnormal. Careful evaluation of other roentgenographic 
clues and clinical correlation revealed that multiple disease 
entities are responsible for the irregular nephrogram pattern. 
Lack of uniform cortical perfusion is the common feature. The 
blotchy pattern characteristic of polycystic renal disease is 
secondary to the multiple cortical cysts. However, most perfu- 
sion defects are related to arterial alteration such as narrowing, 
obliteration or spasm. The histologic changes responsible for 
the irregular nephrogram will be correlated with vascular abnor- 
malities present in acute and chronic pyelonephritis, arterial 
emboli, collagen diseases, and arteriolar nephrosclerosis. 


Suprarenal pseudotumors in ultrasonic scanning. Rankin RS, 
Miller FJ, Koehler RP (University of Utah, Salt Lake City). 


A common pitfall which we have encountered in B-mode 
scanning of the retroperitoneum is the appearance of a lesion 
in the left suprarenal region which is produced by the normal 
sonolucent spleen tip. If this pitfall is not recognized and 
careful scanning performed to marginate the surrounding struc- 
tures, the mistaken diagnosis of an adrenal or other suprarenal 
lesion can be made. In one instance, this ultrasonic pattern in 
concert with other findings led to a negative exploration of the 
retroperitoneum in a child. We studied seven cases showing 
this ultrasonic picture and presented cases to illustrate this 
point including correlation with upper gastrointestinal series, 
angiography, and CT scanning. 


Enhancement of perinephric fat secondary to diffuse retroper- 
itoneal infiltration. Ta HN, Fritzsche P (Loma Linda University, 
Loma Linda, California). 


Retroperitoneal pathology is usually manifested radiographi- 
cally as a mass or an increased density obliterating normal 
landmarks of the retroperitoneal space e.g. psoas muscles and 
kidneys. However, we have observed several instances in which 
the renal outline is not only well preserved, but the perinephric 
fat is enhanced secondary to encasement of the kidneys by 
neoplasm or fluid. This radiologic sign was illustrated in cases 
of diffuse lymphocytic lymphoma disseminated carcinomatous 
secondary to bladder transitional cell carcinoma and perineph- 
ric edema in association with acute pyelonephritis and ne- 
phrotic syndrome. 


Role of ultrasonography in the evaluation of ectopic preg- 
nancy. Asokan S, Alagaratnan D, Pinc RD, Prmsagar D (Cook 
County Hospital, Chicago, Illinois). 


Ectopic pregnancies usually present acutely and undergo 
little work-up prior to surgery. However, some ectopic pregnan- 
cies present a diagnostic problem and undergo further work- 
up. The value of ultrasound in excluding an ectopic pregnancy 
by identifying an intrauterine pregnancy (with or without an 
adnex mass) and the many varied patterns that an ectopic 
pregnancy may present (complex mass, solid mass, or ectopic 
gestational sac) were illustrated from a review of 14 ectopic 
pregnancies of 113 patients who were referred as "rule out 
ectopic pregnancies." 


398 EXHIBITS 


Sonographic definition of intrauterine anomalies. Rich DH, 
Carlsen EN, Bolin J (Loma Linda University, Loma Linda, 
California). 


A group of obstetrical sonograms demonstrating fetal anom- 
alies of the head, chest, and abdomen were presented. Confir- 
mation of the prenatal diagnosis was shown by postpartum 
sonograms, conventional radiographic techniques, and opera- 
tive findings. The findings have alerted obstetricians and pedia- 
tricians to investigate normal appearing neonates, which has 
led to the early identification of the anomalies and intervention 
reducing morbidity to some infants. 


Applications and limitations of ultrasonography in gynecol- 
ogy. Asokan S, Alagaratnam D, Pinc RD, Premsager D, Nassem 
M, Novak GM (Cook County Hospital, Chicago, Illinois). 


Ultrasonography has been widely accepted in the practice of 
obstetrics as a useful diagnostic tool. In gynecology, the advent 
of grey scale ultrasonography has played a great role in its 
expanded use. We evaluated more than 100 surgically proven 
cases in an effort to analyze the value of ultrasonography in 
detecting pelvic masses and also in further identifying the site 
and nature of the mass. Though it was extremely useful in 
identifying the presence of a mass, there appeared to be some 
overlap in the ultrasonographic findings with different adnexal 
pathology. 


Ultrasound evaluation of vascular access used in hemodi- 
alysis: work in progress. Gonzalez AC, Kottle SP, Macon EJ 
(Grady Memorial Hospital, Atlanta, Georgia). 


This exhibit illustrated the method of examination and find- 
ings of ultrasonographic study of the common forms of vascular 
access used in hemodialysis. Studies of bovine grafts and 
cannular arteriovenous shunts were illustrated. Thus, the nor- 
mal bovine graft and cannular shunt insertion, the partly clotted 
graft and the occluded shunt, intraluminal vegetation in grafts, 
preaneurysmal and aneurysmal changes, and hematoma in the 
vicinity of the graft were shown. The exhibit emphasized the 
value of this easily performed, noninvasive technique, and its 
potential in preempting use of radiographic contrast studies in 
the dialysis patient. 


Ascending lower extremity phlebography. Berinson HS, Bred- 
linger D, Meltzer AD, Wilson ES (Burlington County Memorial 
Hospital, Mount Holly, New Jersey). 


Some 50,000 deaths per year in the United States are related 
to pulmonary embolism. Over 95% originate from the inferior 
vena cava down through the lower extremities. We presented a 
simple, safe, reliable, and accurate technique which visualizes 
this entire venous system. Explicit detail of our technique was 
described. Radiographs of normal anatomy, a full range of 
pathology, and major pitfalls and complications were exhibited. 
Our technique with over 500 bilateral lower extremity veno- 
grams has afforded us excellent visualization of the venous 
system from vena cava down through both ankles. 


Diagnosis of lower extremity venous thrombosis by ascending 
phelbography. Ta HN, Boyd WR (Loma Linda University, Loma 
Linda, California). 


The clinical evaluation and diagnosis of lower extremity 
venous thrombosis has improved with ascending phlebography. 
Study of the veins of the lower leg with the patient sitting and 
the leg in a dependent position and of the veins in the thigh 
and pelvis with the patient semiupright was described and 
compared with horizontal phlebography. This technique allows 
a physiologic and more reliable filling of the deep venous 
system without use of a tourniquet. This is the procedure of 
choice. 


Technetium-99m-oxine and indium-111-oxine labeled plate- 
lets: localization of venous thrombi and  endarterial 
damage. Wistow BW, Grossman ZD, Subramanian G, McAfee 
JG, Thomas FD, Rohner RF, Henderson RW, Roskopf ML 
(Upstate Medical Center, Syracuse, New York). 


With both technetium-99m-oxine platelets and indium-111- 
oxine platelets, we have imaged rabbit venous thrombi (pro- 
duced by magnetically controlled intravascular iron particles) 
and electrically injured endarterial surfaces (without thrombo- 
sis). 

Both indium-111-oxine platelets and technetium-99m-oxine 
platelets successfully imaged arterial injury 1, 3, and 6 hr old. 
Injury 24 hr old, however, was only faintly demonstrated. 

Venous thrombi formed following labeled platelet injection 
were easily visualized as were thrombi created 1 to 3 hr prior to 
platelet injection. However, older thrombi—formed 18-24 hr 
before platelet injection — were not usually detected. 

Therefore, labeled platelets are useful for gamma camera 
imaging of freshly damaged endarterial surfaces, even in the 
absence of thrombosis, as well as for fresh venous thrombus 
localization. However, their value for demonstrating older, non- 
propagating thrombi and older endarterial damage is limited. 


CT detection and cause of intracranial hematomas in prema- 
ture infants. Rumack CM, McDonald MM, O'Meara OP, 
Sanders BB, Rudikoff JC (Denver General Hospital, Denver, 
Colorado). 


A total of 14 premature infants with intracranial bleeds were 
followed with CT scans. The bleeds involved the ventricular 
system, the subependymal region around the ventricles, the 
brain or the subarachnoid space. Over time, the fresh intracere- 
bral clot changed from a high density lesion to an isodense 
lesion and in some patients became CSF density or porence- 
phaly. Within the ventricles the blood and CSF layered out with 
the blood settling inferiorly. The intraventricular blood clot also 
became isodense to brain but because it is compared to CSF 
density it could be recognized longer in the ventricles. Compli- 
cations of an intracranial bleed such as hydrocephalous and 
porencephaly were diagnosed as they occurred. 


The sphenoidal sinuses: radiological patterns of development 
and disease in childhood. Fujioka M, Young LW (University of 
Pittsburgh, Pittsburgh, Pennsylvania). 


In the pediatric age group, evaluation of paranasal sinuses 
for disease is facilitated by knowledge of developmental pat- 
terns of pneumatization. We reviewed lateral nasopharyngeal 
radiographs of over 1,700 children, normal and abnormal, for 
determining pneumatization of the sphenoidal sinuses. This 
exhibit included: (1) degrees of posterior extension and inci- 
dence of pneumatization and sphenoidal sinuses in normal 
children by age; (2) radiographic appearances of (a) develop- 
mental variations: e.g. (i) pneumatization of posterior ethomo- 
idal cells may not be differentiated from that to sphenoidal 
sinuses in early life, (ii) internal structures may often be related 
to the embryological synchondrosis, and (b) patterns of abnor- 
mal pneumatization. 


Lesions of the mandible in childhood. Hayden CK Jr, Swischuk 
LE (Child Health Center, Galveston, Texas). 


This exhibit presented a systematic review of diseases and 
abnormalities of the mandible in childhood and considers them 
under three broad categories: (1) primary lesions of the mandi- 
ble, (2) lesions of the mandible secondary to systemic disease, 
and (3) lesions of the mandible which are part of a generalized 
bony dysplasia. In these latter two categories emphasis is 
placed on the mandibular lesion which plays a key role in the 
diagnosis of the bony dysplasia or systemic infection, inflam- 
mation, or malignancy. 
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Complications of congenital heart disease surgery: radiolog- 
ical findings. Reid BS, Fujioka M, Young LW (Children's Hos- 
pital of Pittsburgh, Pittsburgh, Pennsylvania). 


Surgical intervention is a necessary means of management 
of some problems and types of congenital heart disease, even 
in the young infant. This approach has been facilitated by the 
techniques of profound hypothermia, limited cardio-pulmonary 
bypass, and circulatory arrest. Because approximately 80% of 
children with congenital heart disease are helped by surgery, a 
few minor and major complications should not be a deterrent. 
Complications are unexpected residua, sequelae, or problems 
in the postoperative course either directly or indirectly related 
to the surgery. This exhibit showed that a majority of complica- 
tions are demonstrable by radiological means and included 
some complications not previously reported. 


Pulmonary nodules in acute atypical measles. Wood BP, 
Bernstein RM (University of Rochester, Rochester, New York). 


Atypical measles occur in inadequately immunized children 
after exposure to the natural measles virus, and may represent 
an immediate hypersensitivity response. Diffuse alveolar density 
is the pulmonary finding usually noted in this illness, however, 
some children with atypical measles show discrete pulmonary 
parenchymal nodules during the acute illness. The appearance 
of these nodules and their possible etiology were discussed. 


latrogenic chest complications in the newborn intensive care 
unit. Polansky SM, Effmann EL, Rosenfield NS, Ablow RC 
(Yale University, New Haven, Connecticut). 


Aggressive neonatal intensive care has resulted in increased 
survival of critically ill infants, but, unfortunately, this has been 
accompanied by a greater incidence of iatrogenic problems. 
Careful attention to the chest radiographs may permit early 
recognition of these complications. 

In this exhibit major emphasis was on complications resulting 
from catheters and tubes. Complications relating to endotra- 
cheal tubes include pharyngeal perforation with subsequent 
passage of nasogastric tube into the pleural cavity and perica- 
dial sac. Postextubation complications of atelectasis, "wean- 
ing" phenomenon, and tracheal granulomas were illustrated. 
Cases of superior vena caval syndrome and recurrent chylo- 
thorax secondary to vascular thombosis from central parenteral 
hyperalimentation catheters were shown. Also, abnormal posi- 
tions of endotracheal tubes, central parenteral hyperalimenta- 
tion catheters, umbilical vascular lines, and chest tubes were 
demonstrated. Due to recent emphasis on air block and bron- 
chopulmonary dysplasia, single illustrations of more uncom- 
mon presentations were included for completeness. 


Whole body computed tomography: its role in imaging the 
pediatric patient. Brown J, Dinn WM, Aiello MR, Dudgeon DL, 
Vinocar CD (Upstate Medical Center, Syracuse, New York). 


Computed tomography has proven effective in evaluating the 
abdomen and thorax in the adult. The purpose of this exhibit 
was to illustrate the diagnostic value of whole body CT scanning 
in the pediatric population and the complementary role of 
whole body CT, with respect to ultrasound and nuclear medi- 
cine imaging. Body CT can also be used for treatment planning 
and may eliminate the need for further diagnostic studies and/ 
or surgery. 


Necrotizing enterocolitis of infancy: spectrum of early 
changes as a guide to prompt diagnosis. Kogutt MS (Univer- 
sity of Alabama, Birmingham). 


Necrotizing enterocolitis of infancy is, for the most part, a 
devastating disease which may lead to death. The classic 
radiographic findings such as intramural bowel gas and portal 
venous gas are actually late manifestations of the disease. Less 
well appreciated roentgenographic findings including an ileus 
pattern with or without bowel-gas distention, "hazy" appear- 


ance of the abdomen, and a disordered atonic bowel pattern 
represent early demonstration of the disease. 

Recognition of these early findings, particularly in combina- 
tion, allows early diagnosis and prompt institution of appropri- 
ate therapy. The recognition of these early changes may be of 
extreme value in the early diagnosis and treatment; which may 
thereby avert the serious sequelae of this disease. 


American Burkitt's lymphoma: roentgenographic features. 
Alford BA, Coccia PF, L'Hereux PR (University of Minnesota 
Hospitals, Minneapolis). 


Experience with American Burkitt's lymphoma in 12 children 
showed a high incidence of abdominal involvement including 
ileocecal masses with intussusception, retroperitoneal exten- 
sion, and diffuse bowel involvement. Pleural effusions were 
common; two patients had pulmonary nodules. Three patients 
had diffuse renal involvement. None of the nine patients had 
mandibular or other bony involvement. The first 10 patients 
survived 0.5 to 8.5 months. The last two patients were treated 
much more aggressively and remain disease free at 14 and 16 
months. Hopefully, early recognition of the clinical and roent- 
genographic features of American Burkitt's lymphoma will con- 
tribute to improved survival. 


Spondylolysis and spondylolisthesis in children. Guest JA, 
Franken EA (Indiana University, Indianapolis). 


This exhibit illustrated development, clinical manifestations, 
and roentgenology of spondylolysis and spondylolisthesis in 
children, based on 34 patients seen at a children’s hospital. The 
evolution of spondylolisthesis was emphasized, with some 
cases exhibiting an initially normal spine, subsequent develop- 
ment of spondylolysis in an asymptomatic child, and finally a 
symptomatic slip. Also included were cases illustrating devel- 
opmental elongation of the pars interarticularis without a de- 
fect, anomalies associated with spondylolysis, secondary 
changes in the vertebral body and neural arch, and myelo- 
graphic findings. 


Chondrolysis following slipped capital femoral epiphysis. El- 
Khoury GY, Mickelson MR, McWilliams FE (University of lowa, 
lowa City). 


Chondrolysis or cartilage necrosis of the hip following 
slipped capital femoral epiphysis is an uncommon but not rare 
complication, especially in black females. Five cases illustrated 
the rotentgenographic changes of secondary chondrolysis. The 
incidence, etiology, pathology and clinical symptoms were 
discussed. The radiologist as well as the clinician should be 
cognizant of chondrolysis as a possible sequela of slipped 
capital femoral epiphysis. 


Philatelic pursuits in diagnostic radiology and related physics. 
Kollins SA (Cleveland Clinic, Cleveland, Ohio). 


A topical philatelic collection was exhibited with material 
illustrating how radiologists at work, radiologic procedures, 
and famous personalities in diagnostic radiology and related 
physics have been portrayed on stamps. 


Emergency radiology education: an audio-visual approach to 
instructing health professionals. Schneider M, Ulreich S, 
Squire LF (Downstate Medical Center, Brooklyn, New York). 


The exhibit demonstrated an audiovisual, self-instructional 
method for teaching health professionals (house staff, medical 
students, nurses, and paraprofessionals) in the emergency 
department how to request the appropriate radiographs in a 
variety of emergency situations. These include injuries to the 
extremities, chest, abdomen, and skull and spine. Use of the 
program has improved our efficiency in handling emergency x- 
ray examinations. 
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American College of Radiology's educational materials. 
(American College of Radiology, Chicago, Illinois). 


This exhibit contained samplings of all the American College 
of Radiology's Continuing Medical Education Programs. 


American College of Radiology's audiovisual program. (Amer- 
ican College of Radiology, Chicago, Illinois). 


This was a part of the American College of Radiology's 
Educational Materials. It was a self-contained display on the 
Audiovisual Program available for continuing medical educa- 
tion. 


Diagnostic radiological health sciences learning laboratory. 
Brown RF (American College of Radiology, San Francisco, 
California). 


This display was the continuing display of the Learning 
Laboratory materials developed by the Bureau of Radiological 
Health, Food and Drug Administration. 


Computed tomography of meningiomas. Pittman TA, Marasco 
JA Jr, Scotti LN, Feczko WA, Bartoletti SC (St. Francis General 
Hospital, Pittsburgh, Pennsylvania). 


Computed tomography is a very successful method for diag- 
nosing intracranial neoplasms. Many types of neoplasms share 
similar CT findings. In some cases, however, the features point 
to a specific type of tumor. This is especially true of menin- 
giomas. This exhibit reviewed computed tomographic scanning 
of meningiomas by presenting 19 typical cases. Angiograms 
and conventional tomograms were included where possible. 

CT features of meningioma include: extensive calcifications; 
intense contrast enhancement; sharp definition of the tumor 
margin; characteristic location; surrounding cerebral edema; 
and attachment to the dura. This last feature was illustrated by 
CT sections made in the coronal plane. 


Computed tomography of subdural hematomas. Marasco JA 
Jr, Scotti LN, Pittman TA, Feczko WA, Bartoletti SC (St. Francis 
General Hospital, Pittsburgh, Pennsylvania). 


CT features in 31 cases of subdural hematoma were reviewed. 
Subacute or chronic hematomas present as low density (low 
attention value) collections and acute hematomas as high den- 
sity collections. There may be an intermediate stage of either 
mixed density or isodensity. Most hematomas are crescentic 
but larger collections may have a biconvex appearance. Sec- 
ondary CT features include: (1) compression of the ipsilateral 
ventricle; (2) displacement of midline structures and ventricular 
system to the contralateral side; (3) effacement of sulci on the 
ipsilateral side; (4) membrane enhancement; (5) associated cer- 
ebral contusion and/or hemorrhage; and (6) narrowing and 
apparent elongation of the lateral ventricles with bilateral col- 
lections. 


Value of computerized tomography in cerebral infarction. 
Azar-Kia B, Berkow A, Fine M, Masdau J, Rubino F (Loyola 
University, Maywood, Illinois). 


We reviewed 100 cases of cerebral infarction. These cases 
were followed using sequential CT scanning and radioisotope 
scanning. We found that 70% of cases showed mass effect. By 
the end of the third week only 30% still showed mass effect. 
Contrast enhancement appeared in 6396. The peak of contrast 
enhancement was seen between the first and third weeks. 
Thereafter contrast enhancement decreased to the eighth week. 
One case showed persistent enhancement at 3 and 6 months 
after infarction. In some cases the contrast infusion masked 
the lucency of infarction. Some patients did not show any 
abnormality initially, but by the second week an area of lucency 
could be demonstrated on the. CT scan. This mainly occurred 
in small infarctions. Comparison with radioisotope scan shows 
longer radioisotope uptake, however, the positive findings of 
CT scan in patients with cerebral infarction were more accurate 
than isotope scanning. 


Negative modality in xeromammography. Matallana RH (Uni- 
versity of Wisconsin, Madison). 


Selective views with negative modality are indicated to ex- 
clude or confirm breast tumors. This is possible when “mass 
effect" is, or is not, present. Additional decisive information is 
obtained to differentiate between benign and malignant lesions. 


Evaluation of the sellar and suprasellar lesions by computer- 
ized tomography. Azar-Kia B, Fine M, Palacios E, Churchill RJ 
(Loyola University, Maywood, Illinois). 


This exhibit indicated the value of CT scanning in the work 
up of lesions involving the sella turcica and parasellar region. A 
review of the first 5,000 CT scans performed at our institution 
revealed 70 patients with scans interpreted as abnormal in the 
sellar or parasellar region who had at least two other diagnostic 
procedures performed in addition to the CT scan. The final 
diagnosis was based upon one or more of the following: 
surgery, biopsy, autopsy, or known related pathology such as 
metastasis. 

The value of contrast enhancement scanning was shown as 
well as tables indicating the types and frequency of pathology 
encountered and the diagnostic accuracy of the various proce- 
dures employed (CT scan 93%, pneumoencephalography 100%, 
angiography 85%, and isotope scan 51%). The normal scan 
and criteria for establishing the abnormal were exhibited. Rep- 
resentative examples of abnormal scans were shown and cor- 
related with the findings of other diagnostic modalities. Conclu- 
sions regarding the accuracy, noninvasiveness, and ability to 
define the extent of a lesion with CT scanning as well as the 
need for additional neuroradiologic procedures, especially an- 
giography, for confirmation prior to surgery were listed. 


Actinomycosis of the thorax. Farrell GE, Rabinowitz JG, Eas- 
tridge CE, Young JM, Westmoreland DK (University of Tennes- 
see, Memphis). 


The purpose was to discuss pathogenesis, pathology, radio- 
logic differential diagnosis of actinomycosis and subsequent 
association of bronchogenic carcinoma (12'/296). All patients 
with actinomycosis were included in this paper who had patho- 
logic proof and available roentgenograms. 

Fifteen patients had an average age of 50, dreadful oral 
hygiene, and some had immunologic problems. Many patients 
do not demonstrate the textbook description of the disease and 
the incorrect diagnosis of bronchogenic carcinoma was initially 
made in most patients. The correct diagnosis can fairly often 
be made if certain criteria are observed. This differential is 
important, as the treatment is penicillin rather than surgery. 


Radiology of cholecystectomy complications. Love L, Kuchar- 
ski PC, Pickleman JR (Loyola University, Maywood, Illinois). 


Cholecystectomy is the most commonly performed general 
surgical procedure in this country. Dependent on age and 
acute vs. chronic gallbladder disease, overall mortality and 
morbidity rates of 1.8% and 6%, respectively, have been re- 
ported. Radiology plays an important role in the diagnosis and 
treatment of many postoperative complications including those 
related to the wound, biliary tree, T-tube, subhepatic spaces, 
and other adjacent structures. 


Spinal anomalies in children studied with metrizamide, a new 
water soluble contrast medium. Hausserman S, Sackett J, 
Hausserman R, Breed A, Okagaki H (University of Wisconsin 
Hospitals, Madison, Wisconsin). 


The study of spinal anomalies in children with gas or iophen- 
dylate is a difficult procedure. Metrizamide, a new water soluble 
contrast agent has been used in children with three major 
advantages over the previously described methods; (1) excellent 
contrast definition of the subarachnoid space; (2) contrast does 
not require removal after myelography; (3) it is tolerated well by 
the central nervous system. 
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Examples of metrizamide myelograms in children were pre- 
sented along with a chart of adverse side effects. 


Computed tomography of the kidneys. Reich NE, Haaga JR, 
Havrilla TR, O'Donovan P (Cleveland Clinic, Cleveland, Ohio). 


This exhibit familiarized the viewer with computed tomogra- 
phy of the kidneys. The exhibit illustrated the normal anatomy 
of the kidneys as seen by CT scanning. In addition, the indica- 
tions for CT scanning as well as the method of examination 
was described. A variety of pathologic entities including renal 
masses, congenital cystic diseases of the kidney, trauma to the 
kidney, obstructive uropathies, pseudotumors, as well as renal 
transplants with associated complications were illustrated. 
Some of pitfalls of CT in the diagnosis of renal abnormalities 
were stressed. 


Interventional CT scanning. Haaga JR, Havrilla TR, Reich NE, 
Alfidi RJ, Stewart B, Farmer A, Cooperman A (Cleveland Clinic, 
Cleveland, Ohio). 


During the past 2'/2 years the authors have employed CT 
guided biopsies to perform a variety of interventional proce- 
dures. We have utilized the CT scanner to guide biopsies of the 
liver, pancreas, kidney, retroperitoneum, and other areas. This 
paper discussed the primary and secondary indications for CT 
guided biopsies and provided recommendation as to the proper 
role of this new guidance modality for obtaining biopsies. 


CT of the retroperitoneum. Reich NE, O'Donovan P, Havrilla 
TR, Haaga JR (Cleveland Clinic, Cleveland, Ohio). 


This exhibit introduced the viewer to CT scanning of the 
retroperitoneum. To this purpose the normal anatomy of the 
retroperitoneum as seen by CT scanning was displayed. In 
addition, the indications for CT scanning of the retroperitoneum 
as well as the method of examination was illustrated. Pathologic 
conditions of the retroperitoneum including retroperitoneal 
fibrosis, lymphomas, metastatic disease to the retroperitoneum 
and other miscellaneous lesions were illustrated. Correlation 
with patients with lymphoma was made in regard to lymphangi- 
ography and computed tomography of the retroperitoneum. 


CT evaluation of obstructive jaundice. Havrilla TR, Haaga JR, 
Alfidi RJ, Reich NE (Cleveland Clinic, Cleveland, Ohio). 


Previous studies have shown that CT is highly accurate in 
the evaluation of jaundiced patients including the differentiation 
between surgical and medical obstruction. At our institution, 
dilatation of the biliary tree was detected in 88% of the patients 
examined. In addition, in 7796 of the patients with obstruction, 
the underlying etiology was also evident. The majority of the 
study was done with a slow 2'/2-min whole body scanner. 
Comparison was also made with the 18-sec and 2-sec fast 
scanner regarding improvement in resolution and statistics. 


The use of sincalide (C-terminal octapeptide of CCK) in clinical 
radiology. Amberg JR, Thompson WM, Weissberg DL (Univer- 
sity of California Hospital, San Diego). 


We have used the C-terminal octapeptide segment of chole- 
cystogram in both experimental animals and man. Our studies 
in 24 asymptomatic patients showed that infused doses of 1 ng 
per kg per min or 4 ng per kg per min caused gallbladder 
contraction without evoking symptoms. We have also used 
syncholated bolus and infusion doses to reduce small bowel 
transit in gastrointestinal studies. Significant shortening of 
bowel transit time was found with both studies; infusion method 
produced fewer side effects. 


Pancreatitis or carcinoma? An analysis of echo pattern. Bowie 
JD, Kunzmann A, Rochester D (University of Chicago Hospitals, 
Chicago, Illinois). 


A retrospective study of 163 pancreatic sonograms identified 
a number of internal echo patterns that could be correlated 
with the ultimate clinical diagnoses. Scans were randomized 


and sorted according to internal echo pattern. In those cases in 
which the pancreas was seen (114), five patterns were identified, 
which we have called normal, faded, disorganized or absent, 
smudge, and pseudocyst. These internal echo patterns ap- 
peared to relate to the clinical diagnoses, and were shown to 
be useful in determining the presence and nature of disease in 
the pancreas, even when the gland had a normal size or 
contour. 


Vacuum contoured, liquid crystal, dynamic breast thermoan- 
giography as a part of a program for the early detection of 
breast cancer. Pochaczevsky R, Mayers PH, Jenny H (Elmhurst 
Hospital, Elmhurst, New York). 


Bilateral thermal and vascular breast patterns have been 
achieved in color utilizing vacuum contoured elastomeric trans- 
parent sheets containing liquid crystals. This simple system 
correlates well with telethermography, is relatively inexpensive, 
noninvasive, has no associated radiation and is adaptable as 
part of a program for the early detection of breast cancer. 


Phased array real time ultrasound. Morgan CL, Trought WS, 
von Ramm OT, Thurstone FL (Duke University, Durham, North 
Carolina). 


This exhibit illustrated early results of the commercial model 
based on the Thaumascan (two-dimensional, high resolution, 
actual time, ultrasound, multielement array scanner) in obstet- 
ric, abdominal and vascular examinations. This is a unique 
computer controlled phased array system with dynamic focus- 
ing to a range of 20 cm in both transmit and receive modes. A 
combined video tape and audio presentation demonstrated 
normal and pathologic anatomy in a dynamic fashion. Examples 
of fetal pathology, vascular abnormalities and gallbladder, liver 
and renal disease were shown with appropriate sequences of 
normal anatomy for comparison. A blackboard display de- 
scribed the principles of the technique and the system itself. B- 
scan pictures were also compared with still frame photos from 
the real time scanner. 


“Too large for dates,” an ultrasonic differential. Trought WS, 
Morgan CL, Haney AF (Duke University, Durham, North Caro- 
lina). 


"Too large for dates" is a phrase frequently employed by 
obstetricians when requesting an ultrasonographic evaluation 
during pregnancy. The initiating circumstance occurs when the 
size of the uterus is larger on physical examination than is 
expected for the gestational age as estimated from the last 
menstrual period. Possible etiologies for this situation were 
developed as a differential diagnosis and illustrative examples 
were provided. 

The differential diagnoses were subcategorized as: anatomic 
or physiologic variations; uterine abnormalities; placental ab- 
normalities; fetal abnormalities; extrauterine abnormalities; sys- 
temic illnesses of the mother. 


Gray scale ultrasonography and ERCP in the jaundiced pa- 
tient. Rhea EH, Fahr LM (Veterans Administration Hospital, 
Houston, Texas). 


Comparative evaluation of diagnostic ultrasound and ERCP 
in the jaundiced patient to detect dilatation of biliary tract 
shows that ultrasound is an excellent screening procedure to 
differentiate between obstructive jaundice and medical jaun- 
dice. 

Sonograms of several cases of obstructive jaundice were 
depicted. Comparative ERCP radiographs were presented. The 
purpose was to emphasize the information offered by ultra- 
sound. It is the initial examination when obstructive jaundice is 
suspected. Ultrasound is an easy noninvasive screening proce- 
dure with high overall accuracy rate. Examination of extrahe- 
patic biliary tract by ultrasound can be done quickly and is a 
valuable procedure in evaluation of dilatation of biliary tract. 

ERCP provides a complementary approach for evaluating 
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pancreatic and biliary tract lesions and aids in diagnosing 
surgical lesions. 


Ultrasonic and radiographic examination of abdominal 
masses. Rhea EH, Sokolay MP, Gomez LS, Fahr LM (Veterans 
Administration Hospital, Houston, Texas). 


A critical evaluation of the contribution of ultrasound was 
the theme of a radiographic display including urographic, 
gastrointestinal, and angiographic features of abdominal mass 
lesions. Unusual cases were presented in quiz form. At least 10 
unusual and dramatic cases of abdominal mass lesions were 
radiographically depicted as selected urograms, gastrointes- 
tinal examinations, and angiograms. 

Sonograms were presented and diagnosis displayed in quiz 
form. The purpose was to emphasize the additional information 
offered by ultrasound. Time and expense added to diagnostic 
work-up of abdominal lesions with ultrasound should justify its 


routine use. The lesions will include polycystic liver and kidney 
disease, adrenal cyst, cystic dilatation of seminal vesicles with 
extopic ureter, urachal carcinoma, hepatoma, hypernephroma 
with large pancreatic metastatic mass, pelvic lipomatoses, in- 
flammatory stricture of colon with pancreatic abscess. 


Quality assurance in diagnostic radiology and in nuclear 
medicine. Sperling S, Gitlin J, Gross R, Hamilton D, Paras P. 
Mcintyre A, Sodd VJ, Van Tuinen R, Branson B (Bureau of 
Radiological Health, Food and Drug Administration, Rockville, 
Maryland). 


The exhibit featured the basic goal of the Bureau of Radiolog- 
ical Health, FDA, which is to achieve the production of radio- 
graphs with the best diagnostic quality and with the least 
radiation exposure to patients. Quality assurance recommen- 
dations were distributed at the exhibit booth. 


Letters 


Catheter Venography 


| would like to comment on the case report on catheter 

venography in the superior vena cava syndrome by Webb et al. 

in the July 1977 issue [1]. Catheter venography has been such a 

logical extension of selective arteriography that | would suspect 

that most angiographers have been performing the procedure 

for the past 10-15 years. It hardly seems worthy of publication 
at this time. 

John M. Riley 

Radiology Medical Group, Inc. 

San Diego, California 92101 
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Reply 

Our paper was intended to point out the usefulness of cathe- 
ter venography in selected patients with the superior vena cava 
syndrome. In fact, we consider Rileys comments as support 
for our conclusions that this procedure is easily performed, 
safe, and valuable. As we stated in the paper, catheter venog- 
raphy is neither a new technique nor a technique devised by 
us. However, we feel its value is not generally recognized 
among radiologists not specializing in angiography, and that 
the limitations of routine antecubital venography in patients 

with the superior vena cava syndrome need emphasis. 
W. Richard Webb 
Gordon Gamsu 
University of California 
San Francisco, California 94143 


The Clean Colon: Whose Responsibility? 


The failure to obtain a clean colon prior to the performance 
of a lower gastrointestinal examination has been a problem for 
radiologists for many years. Our colleagues have repeatedly 
bemoaned the fact that their patients either would not, or could 
not, assume the responsibility of the self-administration of 
cathartics and cleansing enemas to effect proper colon prepa- 
ration. 

Realizing that early detection of colon carcinoma is essential 
if acceptable cure rates are to be achieved, and that the 
presence of retained fecal matter is a common cause for failure 
to detect small lesions, several authors have suggested that the 
responsibility for achieving a clean colon be taken away from 
the patient. Miller [1] stated the radiologist must take the 
responsibility for preparing the colon and, indeed, has sug- 
gested that his failure to do so "may be considered poor 
practice and may well put that examiner in legal and financial 
jeopardy” [2]. Vasilas et al. [3] put this concept to practical use 
by building a suite of two 1.8 x 3.7 m clysis rooms, purchasing 
separate colonic lavage tables, and hiring a specially trained 
clysmatologist. While they do not mention cost, it seems such 
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innovations would add $5-$10 to the price of each barium 
enema examination. If this method of preparation were to 
spread throughout the nation, as proposed by these workers, 
and inasmuch as there are over 3.5 million such studies per- 
formed annually in the country, the potential overall increase in 
cost to the public would be $18-$35 million. 

It is estimated that $160 billion will be spent on health care in 
the United States during 1977, and the figure is rising geomet- 
rically [4]. According to officials of the Department of Health, 
Education, and Welfare, physicians generate 70% of total health 
costs by ordering hospitalizations, various tests, and drugs. 
Since some of these officials accuse physicians of not being 
concerned with holding down medical expenditures, it be- 
hooves us to consider carefully the cost-benefit ratio of any 
new procedure or innovation. Simply on a cost basis alone, | 
do not think we can justify the luxury of shifting the responsibil- 
ity of preparing the colon from the patient to the radiologist. 

According to Miller [1, 2], the radiologist must assume the 
responsibility of cleaning the colon of the patient because he is 
responsible for the results of the examination. But this is not 
correct. Physicians have never been the guarantors of satisfac- 
tory results, and radiologists in particular have never been the 
guarantors of accuracy. The sole duty of every physician is no 
more and no less than to possess and apply competent skill 
and knowledge. 

| believe it is the obligation of radiologists to educate the 
public on the importance of achieving a clean colon prior to 
the barium enema study. Perhaps local radiologic societies 
should go so far as to place advertisements in newspapers and 
magazines explaining why it is important to prepare the colon, 
and how cleansing may be accomplished in the patient's own 
home or private surroundings. Radiologists should not tell their 
patients, "Don't worry about preparing your colon, just leave it 
all to us,” for even if we could afford such a promise, we could 
not possibly fulfill it. Radiologists should present themselves to 
the public as "partners for good health," and as partners with 
our patients, we must emphasize that we each have responsibil- 
ities: the patient to clean his colon properly, and the radiol- 
ogist to perform the examination well and apply his skill and 
knowledge to interpret the findings. 

The responsibility for the clean colon should lie with the 
individual whose vital interest is most served by the perform- 
ance of an accurate lower gastrointestinal series— the patient. 

Leonard Berlin 
518 Meadow Drive West 
Wilmette, Illinois 60091 
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Abstracts of Current Literature 


Chest 


Pulmonary disorders associated with Sjogren's syndrome. 
Baruch HH, Firooznia H, Sackler JP, Genieser NB, Rafui M, 
Golimbu C (New York University Medical Center, New York, 
New York). Revista Interam Radiol 2:77-81, April 1977 


The authors found that pulmonary disorders occur in 25%- 
47% of patients with Sjogren's syndrome. These disorders may 
be related to the major connective tissue disorder which com- 
monly accompanies Sjogren's syndrome, or may be secondary 
to peculiar underlying pathology. The latter is more frequent. 
The patient may present with chronic bronchitis, subsegmental 
atelectasis, pneumonia, bronchiectasis, lymphoproliferative 
pulmonary infiltrate, and chronic interstitial pneumonitis which 
may lead to pulmonary fibrosis. 


Charles M. Nice, Jr. 


Cardiovascular 


Echocardiographic measurement of right ventricular wall 
thickness. A new application of subxiphoid echocardiography. 
Matsukubo H, Matsuura T, Endo N, Asayama J, Watanabe T, 
Furukawa K, Kunishige H, Katsume, ljuchi H (Second Depart- 
ment of Internal Medicine, Kyoto Prefectural University of Med- 
icine, Kawaramachihirokoji, Kamigyo-ku, Kyoto 602, Japan). 
Circulation 56:278-284, Aug 1977. (By permission American 
Heart Association) 


The feasibility of subxiphoid echocardiography to measure 
the thickness of the right ventricular wall (RVWT) was investi- 
gated. In 87 (90.6%) of the 96 patients studied, adequate 
visualization of the echoes from the right ventricular wall was 
obtained using the subxiphoid technique. 

RVWT averaged 0.34 + 0.08 cm (mean + SD), ranging from 
0.2 to 0.5 cm in 25 normal individuals. This was not significantly 
different from the values in the left ventricular overload group 
(0.36 + 0.10 cm). However, the RVWT was increased signifi- 
cantly (P < 0.001) in the combined group (0.62 + 0.18 cm), the 
right ventricular (RV) pressure overload group (0.60 + 0.13 cm) 
and the RV volume overload group (0.53 + 0.11 cm). 

Thirty-two patients underwent diagnostic right heart catheter- 
ization which revealed a good correlation between the RVWT 
measured echocardiographically and the right ventricular peak 
systolic pressure (r — 0.84). Subxiphoid echocardiography was 
considered to be useful in diagnosing right ventricular hypertro- 
phy in adults. 


Author Abstract 


Improved musculoskeletal angiography with large volume 
contrast injection and Priscoline. Hawkins IF Jr, Hudson TM, 
Enneking WF (College of Florida, Gainesville, Florida). Revista 
Interam Radiol 2:83-87, April 1977 


Angiography may aid in delineation of the anatomic extent of 
musculoskeletal tumors, may demonstrate recurrent or residual 
tumor, and to a lesser extent, may help by differentiating 
benign from malignant lesions. To secure high quality angio- 
grams, the authors employed selective antegrade catheter po- 
sitioning, intraarterial Priscoline, large volumes of contrast 


material, multiple projections, geometric magnification, and 
photographic subtraction. The new techniques definitely im- 
prove the radiographic quality of the angiograms. Smaller 
arteries were visualized, capillary blushes were more distinct, 
and venous opacification was strikingly better. Some increased 
patient discomfort was noted, but recently the use of self- 
administered Trilene inhalation has reduced or eliminated pain 
during high volume contrast injections. 


Charles M. Nice, Jr. 


Cineradiographic assessment of Bjork-Shiley aortic and mitral 
prosthetic heart valves. Godwin RJ (Addenbrooke's Hospital, 
Hills Road, Cambridge, England). Clin Radiol 28:355-360, July 
1977 


A noninvasive method for assessment of Bjórk-Shiley mitral 
and aortic heart valve movements has been developed. The 
Bjork-Shiley tilting disc valve is described and its placement 
within the heart is explained. Twenty patients were studied 
postoperatively with 23 valves, 10 mitral valves, and 13 aortic 
valves; three patients having both. 

The method of assessment consists of projecting the valve 
with its opaque disc marker in true profile and en face using 
the C arm screening system of a C.G.R. Angiorama coronary 
angiography unit. A cineradiograph is taken and the maximum 
opening angle of thé valve is measured from the projected 
image directly or calculated from measurements taken from the 
image. Movement of the valve ring can also be assessed when 
paraprosthetic leak is suspected. 

The results of the study show that: (1) this method is simple, 
noninvasive, requires no preparation and is reproducible; (2) 
the valve discs open to a smaller angle than expected in most 
cases, and in only a few cases to 60° or more; (3) it is valuable 
to record valve function postoperatively so that a comparison 
can be made later should valve malfunction be suspected; (4) 
In only one case was it found impossible to assess valve 
movement because of orientation of the valve within the patient. 


Author Abstract 


Pancreatic-renal venous anastomosis: anatomic clinical and 
radiologic study (in Spanish). Viamonte M Jr, Camacho M 
(Mount Sinai Hospital, Miami Beach, Florida). Revista Interam 
Radiol 2:1-6, Jan 1977 


Various abnormalities have been shown in the left side of the 
urinary tract with diseases of the pancreas such as pseudocyst, 
pancreatitis, and carcinoma. In five cadavers, block sections 
were made of the inferior vena cava, pancreas, duodenum, part 
of the jejunum, spleen, left adrenal, left kidney, and left ureter. 
The veins were irrigated and injected with a plastic solution. 
Anastomoses between the veins of the spleen, body, and tail of 
the pancreas, left adrenal, and superior left renal veins with the 
left renal vein were demonstrated. The pancreatic conditions 
listed may cause obstruction in the splenic, portal, superior 
mesenteric or left renal veins. Dilatation of perirenal, juxtapel- 
vic, and ureteric veins are sometimes demonstrated in radio- 
graphic studies. 


Charles M. Nice, Jr. 
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Angled views in cineangiocardiography of congenital heart 
disease. Fellows KE, Keane JF, Freed MD (Children's Hospital 
Medical Center, Boston, Massachusetts 02115). Circulation 
56:485-490, Sept 1977 


The authors evaluated a cine angiocardiographic unit which 
allows saggitally angled and oblique projections without moving 
the patient from the recumbent position. They were sufficiently 
impressed to suggest that the positions for angiocardiography 
of congenital heart disease is likely to be modified in the future. 
It is already apparent that combining cranial angulation with 
the left oblique projection is superior to standard lateral and 
oblique projections for visualization of the left ventricular out- 
flow tract and the interventricular septum. This view may re- 
place the lateral projection. Many of the other angled views are 
complementary to standard frontal, lateral, and oblique projec- 
tions because they offer specific information about a small part 
of the heart or one great vessel only. For instance, cranial 
angulation for demonstration of pulmonary anatomy improves 
visualization of the main pulmonary artery particularly in tetral- 
ogy of Fallot and pulmonary atresia. 


Robert S. Frech 


Percutaneous transhepatic catheterization of the portal vein 
for the study of portal hemodynamics and shunts. Okuda K, 
Suzuki K, Musha H, Arimizu N (Department of Medicine, Chiba 
University Hospital, Chiba, Japan 280). Gastroenterology 
73:279-284, 1977 


Based on their experience with percutaneous transhepatic 
cholangiography, the authors have developed a technique for 
gaining access to the portal vein. Thirty patients including 21 
with hepatic cirrhosis, four with idiopathic portal hypertension, 
two with hepatic steatosis, two with chronic hepatitis, and one 
with drug induced cholestatic hepatitis were studied to evaluate 
the intra- and extrahepatic shunting from the splenoportal axis. 
The technique described involves injection of *9"Tc-macroag- 
gregated albumin into the splenic vein and '*'l-macroaggre- 
gated albumin into the portal trunk followed by differential 
counting over predetermined areas of the liver and lungs. 
Catheterization was successful in 20 of 30 patients in whom it 
was attempted. The authors found that the intrahepatic and 
extrahepatic shunt indices correlated closely with the size of 
collaterals opacified by portography. 


Charles A. Rohrmann, Jr. 


Gastrointestinal 


Problems in the diagnosis of pancreatic carcinoma by endo- 
scopic retrograde cholangiopancreatography. Gregg JA, 
Gramm HF, Clouse ME (New England Deaconess Hospital, 185 
Pilgrim Road, Boston, Massachusetts 02215). Gastrointest Ra- 
diol 2:61-65, 1977 


Of 55 patients proved to have carcinoma of the pancreas, the 
endoscopic retrograde cholangiopancreaticogram presented 
diagnostic problems in five. In one patient the pancreatic duct 
was normal, two were reported as having nonspecific changes, 
in one the ventral pancreas was opacified but the main pan- 
creatic drainage system was not visualized, and in one patient 
ductal ectasia was the predominant finding. 


Charles A. Rohrmann, Jr. 


On the nature and etiology of vascular ectasias of the colon. 
Boley SJ, Sammartano R, Adams A, DiBiase A, Kleinhaus S, 
Sprayregen S: (Department of Surgery, Montefiore Hospital, 


111 East 210th Street, New York, New York 10467). Gastroenter- 
ology 72:650-660, 1977 


Vascular dysplasias of the cecum and ascending colon are 
being increasingly diagnosed as the cause of lower intestinal 
bleeding. This analysis evaluates 19 right colons resected from 
patients with clinical and angiographic diagnosis of bleeding 
from a right colon vascular anomaly. These specimens were 
studied by injection and clearing, and by histologic means. In 
all injected specimens, one or more mucosal vascular ectasias 
were identified. The mucosal lesions appeared to be secondary 
to dilated, tortuous, submucosal veins which were often present 
without mucosal ectasia. It is suggested that the ectasias result 
from chronic lower grade obstruction to the submucosal veins 
with consequent dilatation, tortuosity, and arteriovenous shunt- 
ing. To test the hypothesis that the ectasias are degenerative 
lesions, the authors studied 15 right colons resected for carci- 
noma with no history of bleeding. Mucosal ectasias were iden- 
tified in four colons and submucosal ectasias in eight. The 
authors suggest that these lesions: (1) are vascular ectasias 
developing as a degenerative process of aging; (2) are present 
with or without bleeding in a significant proportion of the 
population over 60 years of age; (3) are multiple more often 
than single; and (4) may represent the commonest cause of 
major lower intestinal bleeding in the elderly. This article is 
supplemented by dramatic full color drawings and microscopic 
sections of the injected specimens. The proposed concept of 
the development of cecal vascular ectasias is diagramatically 
illustrated. 


Charles A. Rohrmann, Jr. 


Detection of gallbladder disease in patients with normal oral 
cholecystograms: results using a simplified biliary drainage 
technique. Foss DC, Laing RR (Bethany Medical Center, Kansas 
City, Kansas 66102). Am J Dig Dis 22:685-689, 1977 


In 70 patients with histories suggestive of gallbladder disease 
but who had normal oral cholecystograms, an endoscopic 
biliary drainage technique was used to obtain bile for gross 
inspection and microscopic examination. Abnormal drainage 
studies were determined by the failure to obtain a B fraction 
(viscous darker bile from the gallbladder) on two successive 
stimulations, calcium bilirubinate granules, or cholesterol crys- 
tals seen in high concentration. Of 29 patients with abnormal 
drainage studies, 26 had cholecystectomy with all specimens 
showing cholecystitis and cholelithiasis seen in 46%. Five of 
the 41 patients with normal drainage results underwent chole- 
cystectomy with no abnormality noted in any surgical specimen. 
Significant differences were seen when mean white blood cell 
count, frequency of leukocytosis, and back pain were compared 
between the normal and abnormal drainage groups. The au- 
thors conclude that biliary drainage is a useful supplemental! 
test in the patient whose oral cholecystogram is suspected of 
being falsely normal. 


Charles A. Rohrmann, Jr. 


The diagnosis of the small resectable pancreatic carcinoma. 
Ariyama J, Shirakabe H, Ikenobe H, Kurosawa A, Owman T 
(Department of Gastroenterology, Juntendo University, Tokyo, 
Japan). Clin Radiol 28:437-444, July 1977 


ERCP and angiography are essential for the accurate diag- 
nosis of pancreatic carcinoma. ERCP is of value in detecting a 
pancreatic tumor and is the only examination which enables 
detection of a small pancreatic carcinoma. Angiography is 
indispensable for the evaluation of the extent and size of the 





406 ABSTRACTS 


carcinoma, for prediction of resectability, and for differentiation 
between pancreatitis and carcinoma. Thirty-one of 32 pan- 
creatic carcinomas (96%) were correctly diagnosed preopera- 
tively by the use of a combination of the two examinations. Ten 
(3196) were resectable; of these six measured less than 2 cm in 
diameter. 


Author Abstract 


Radiology of the colon in double contrast. Bret P, Piante M 
(151 Avenue de Saxe, 69003, Lyon, France). J Belge Radiol 
60:13-24, 1977 


Double contrast study of the colon is the standard technique 
used by the authors on all examinations of the colon. Their 
technique is essentially a modification of that described by 
Welin. Findings are based on a study of 15,000 consecutive 
examinations performed in their departments since 1972. The 
authors stress the importance of a careful and rigid regimen in 
the preparation of the colon. This consists of: a nonresidue 
diet for 2 days; administration of two purgatives, one at noon 
and one in the evening preceding the day of the examination: 
one tablespoonful of castor oil and 7.5 g of magnesium sulfate, 
respectively. The evening meal is entirely clear liquid. On the 
morning of the examination the patient takes fluid in abun- 
dance. One liter of water, as a cleansing enema, is administered 
in the radiology department 1 hr before the examination. The 
enema is repeated if the return is not clear. 

In the absence of glaucoma or prostatic hypertrophy, a dose 
of 0.5 mg of atropine is given by mouth 1 hour before the 
examination, an attempt to keep the colon dry. 

Contraindications to the examination are acute abdomen, 
serious ulcerative colitis, and colectasia. Only three perfora- 
tions occurred in the series of 15,000 examinations. 

The examination is considered simple, easy to perform, and 
is completed within 15 min. This method is particularly helpful 
in the early detection of small colonic tumors, the majority of 
which are benign, as well as of definite carcinomas. Equally 
important is the diagnosis of inflammatory diseases, ulcerative 
and granulomatous colitis. 

Benign tumors are fixed in position, smooth, and sharply 
defined. They do not exceed 20 mm in diameter. Residual fecal 
masses present an irregular contour and are easily displaced. 
Their motility helps differentiate them from polyps. Villous 
tumors, of irregular outline, are likely to undergo malignant 
degeneration in 4096-5096 of cases. They present a berry or 
mamillated appearance. A flat tumor whose height is less than 
its width should be suspected of being malignant, likewise 
irregularity of contour is strongly suspicious of malignancy. 
The authors recommend adoption of their technique as a 
routine procedure in the examination of the colon to increase 
accuracy of barium enemas in the examination of the colon. 


William H. Shehadi 


Healing of duodenal ulcer with an antacid regimen. Peterson 
WL, Sturdevant RAL, Frankl HD, Richardson CT, Isenberg Jl, 
Elashoff JD, Sones JQ, Gross RA, McCallusm RW, Fordtran JS 
(Veterans Administration Hospital, 4500 South Lancaster Road, 
Dallas, Texas 76216). N Engl J Med 297:341-345, Aug 18, 1977 


A double-blind clinical control trial was conducted to deter- 
mine whether large-dose antacid therapy promoted the healing 
of duodenal ulcers. This study was conducted in Dallas and 
Los Angeles in a group of 74 patients with endoscopically 
proven duodenal ulcer disease. Therapy was given for 4 weeks, 
7 doses per day, using preparations of either magnesium and 


aluminum hydroxide, or predominantly aluminum hydroxide 
antacids with comparable neutralizing capacities. Radiographic 
evaluations of the patients with upper GI series was not done, 
or at least not reported. It was found that antacid therapy was 
no more effective than placebo therapy in relieving ulcer symp- 
toms, but that ulcers healed completely in a statistically signifi- 
cant higher fraction of the patients treated with antacid therapy 
than those treated with the placebo. In the placebo group, 
patients who smoked cigarettes were less likely to heal their 
ulcers than those who did not. This report is timely because of 
the recent approval of cimetidine for use in the United States. 
The good results with antacid therapy in this report are equal 
to those of recent clinical studies using cimetidine, a histamine 
antagonist. Most conservative internists will probably continue 
to recommend antacid therapy as the initial approach to man- 
aging duodenal ulcer disease. This report suggests that current 
therapy with antacids alone is reasonably effective for a majority 
of patients. 


David C. Dale 
Medicine, University of Washington 


Oral cholecystography after alcoholic pancreatitis. Roller RJ, 
Mallory A, Caruthers SB, Schaefer JW: (Denver General Hospi- 
tal, 8th at Cherokee, Denver, Colorado 80204). Gastroenterol- 
ogy 73:218-220, 1977 


The authors performed retrospective and prospective studies 
to determine the efficacy of oral cholecystography in alcoholic 
patients with acute pancreatitis. In the retrospective study, the 
oral cholecystogram adequately opacified the gallbladder in 21 
of 26 patients. Of the five patients with inadequate opacification, 
one was jaundiced at study, and four had not yet resumed 
taking solid food. In the prospective study, oral cholecystogra- 
phy done in nonjaundiced patients shortly after resumption of 
solid food diet, yielded adequate opacification in 19 of 21 
patients without gallstones. The authors conclude that in non- 
jaundiced alcoholic patients with acute pancreatitis not caused 
by gallstones, oral cholecystography performed after resump- 
tion of a solid diet and before hospital discharge should be 
successful in opacifying the normal gallbladder. 


Charles A. Rohrmann, Jr. 


Genitourinary 


Posterior urethral valves. Friedland GW, Fair WR, Govan DE, 
Filly R (Stanford Medical Center, Stanford, California). Clin 
Radiol 27:367-380, July 1977 


During the past decade some urologists and radiologists 
have doubted the existence of posterior urethral valves. It has 
been suggested that the primary lesion in patients thought to 
have urethral valves is bladder neck obstruction. During the 
past 7 years we have seen an average of three new cases of 
posterior urethral valves per annum. In all cases the valves 
themselves, not the bladder neck, obstructed the urethra. The 
urologist may miss valves at urethroscopy, but use of the new 
fibreoptic endoscope has improved his chances of seeing them. 
Posterior urethral valves may not be demonstrated radiolog- 
ically if the radiologist does not use a rapid recording device or 
if the patient does not micturate forcefully during micturating 
cystourethrography. Failure to detect the valves may lead to an 
erroneous diagnosis of bladder neck obstruction. 


Author Abstract 
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Acetaminophen. Ameer B, Greenblatt DJ (Massachusetts Gen- 
eral Hospital, Boston, Massachusetts). Ann Intern Med 87 :202- 
209, 1977 


Acetaminophen is a mild analgesic and antipyretic drug 
being used in greatly increasing quantities in the United States 
because of increased public awareness about the side-effects 
of aspirin. Currently, there are more than 250 acetaminophen- 
containing products marketed in the U.S., most of which are 
obtainable without a prescription. Tylenol, Bayer Non-Aspirin, 
Tempra, and Quiet-World are a few better known products 
containing acetaminophen. 

A large variety of studies have demonstrated that this agent 
is as effective as aspirin in controlling many types of pain, but 
that it has little or no antiinflammatory activity. The basis for 
the lack of antiinflammatory activity may be that acetaminophen 
inhibits prostaglandin synthetase in brain tissue but not in 
other tissues, whereas aspirin appears to inhibit prostaglandin 
synthesis more broadly. Acetaminophen appears not to cause 
impaired platelet function or prolongation of the bleeding time 
and does not cause occult GI bleeding or gastric irritation. 

Because it is a metabolite of phenacetin, it potentially could 
cause renal damage, that is, acute capillary necrosis, but only 
a very few cases have been reported. Phenacetin does have 
important hepatic toxicity and cases of poisoning with this 
agent have led to death from hepatic injury. This review dis- 
cusses therapy of acetaminophen overdosage in detail and 
provides other valuable information about this widely used 
drug. 


David C. Dale 
Medicine, University of Washington 


Musculoskeletal 


Simultaneous healing and progression of skeletal lesions in 
primary hyperparathyroidism. Asplin CM, Lowe PP, Privett JTJ 
(Bristol Royal Infirmary, Bristol, England). Br J Radiol 50:671- 
674, Sept 1977 


This report describes a unique patient with primary hyper- 
parathyroidism manifested initially as a painful left shoulder 
due to a brown tumor of the proximal humerus, proven on 
biopsy, with a pathologic fracture of the adjacent surgical 
neck. A skeletal survey demonstrated other manifestations of 
primary hyperparathyroidism including classical erosions in the 
phalanges. Treatment was refused. Investigations 2 years later 
revealed more marked biochemical changes with progression 
of the phalangeal erosions, the development of new brown 
tumors, but considerable reduction in the size of the initially 
detected humeral lesion with a healed fracture. New osteoclas- 
tic lesions developed during the following year before a single 
parathyroid adenoma was removed at surgical exploration. 
Postoperatively some of the brown tumors remained unchanged 
whereas others were replaced by normal and sclerotic bone. 
The left humeral lesion remained unchanged. A previous case 
of spontaneous healing of bone lesions of primary hyperpara- 
thyroidism has been reported. The authors suggest that in this 
patient the osteoclastic activity initiated locally by the humeral 
neck fracture was locally dominant to the underlying osteoclas- 
tic process of primary hyperparathyroidism. 


T. N. K. Allan 


Traumatic osteonecrosis of the femoral head following intra- 
capsular fracture: incidence and earliest radiological fea- 
tures. Bayliss AP, Davidson JK (Western Infirmary, Glasgow, 
Scotland G11 6NT). Clin Radiol 28:407-414, July 1977 





A subcapital fracture of the femoral neck is common particu- 
larly in the elderly female, with nonunion occurring in 25% and 
osteonecrosis in up to 2496 of united fractures. Assessment of 
the viability of the femoral head in the early stages is unreliable 
and initial diagnosis of osteonecrosis depends on recognition 
of radiological features. Many reports imply that structural 
failure of the joint surface is the initial abnormality. A total of 
121 patients with a subcapital fracture have been followed-up 
for at least a year and as long as 3'/2 years. The incidence of 
osteonecrosis was 8% in grade | fractures; 4% in grade ll, and 
21% and 30% in the more severe grade lll and grade IV 
fractures. Of the 24 patients with osteonecrosis, increased 
radiologic density developed in 13 at a time interval of from 3- 
36 months after the fracture with a mean time of 10 months; 
seven subsequently developed structural failure. Eleven pa- 
tients developed structural failure as an initial feature at a time 
interval of 5 months to 24 months with a mean of 13 months. 

It is clear that either an absolute increase in radiographic 
density or structural failure are the earliest radiologic features. 
Good quality radiographs, clearly demonstrating trabecular 
detail, are essential for the recognition of osteonecrosis. 


Author Abstract 


Synovial osteochondromatosis: a histopathological study of 
30 cases. Milgram JW (Northwestern University Medical School. 
Chicago, Illinois). J Bone Joint Surg [Am] 59:792-801, Sept 
1977 


Synovial osteochondromatosis is postulated to follow a tem- 
poral sequence characterized by three phases: (1) active intra- 
synovial disease only; (2) transitional lesions with both active 
intrasynovial proliferation and loose bodies; and (3) multiple 
free osteochondral bodies with no demonstrable intrasynovial 
disease. 

It is proposed that this disease runs a self-limited intrasynov- 
ial process having a recognizable course from onset to resolu- 
tion. Therefore, different pathologic signs are found reflecting 
the specific stage of the disease at the time of surgery. This 
concept is important to the surgeon since, if active synovial 
disease is not present, mere extraction of the loose bodies may 
suffice without a synovectomy. The authors also note that 
multiple loose bodies may be found in patients having no 
synovial disease, most probably representing a long term stage 
three disease in which the synovial disease has cleared com- 
pletely. Furthermore, many of the intrasynovial osteochondral 
bodies may be resolved spontaneously and not necessarily ex- 
truded into the joint space. The authors postulate that resorp- 
tion of intrasynovial osteochondral nodules may be common, 
perhaps as common as proliferation of the nodules. If extracap- 
sular chondromatous lesions are present, the lesion seems to 
behave more like a neoplasm, thereby warranting vigorous 
surgical excision in contrast to the purely intrasynovial lesions. 
This study is interesting reading for the radiologist who encoun- 
ters this uncommon disease. 


Gerald R. Smith 


Tibial plateau topography. McLeod WD, Moschi A, Andrews 
JR, Hughston JC (Hughston Orthopaedic Clinic, Columbus, 
Georgia). Am J Sports Med 5:13-18, Jan-Feb 1977 


The authors studied the topography of the tibial plateaus 
and its relationship to the likely primary weight bearing portions 
of tibial plateau surfaces and the normal resting position of the 
femoral condyles. Their conclusions are based on cartilage 
thickness which they found to be greatest along the intercon- 
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dylar eminence (the spine of the medial compartment). They 
concluded that the primary site of weight bearing is along the 
medial margin of the medial intercondylar spine. That the slope 
of the medial spine is much steeper than the slope of the lateral 
spine leads them to conclude that the lateral surface plays an 
important role in the appositional stability of the joint. The 
lateral plateau has a saddle shape in its anterior portion which 
they believe is the normal resting position of the lateral femoral 
condyle lying slightly anterior to the position of the medial 
femoral condyle when the knee is in full extension. 

This article indicates the normal cartilage contours and thick- 
ness over the tibial plateau surfaces: features which can be 
recognized arthrographically particularly when tomography is 
used as an arthrographic supplement. 


Philip W. Anderson 


Dislocation of the peroneal tendons. Marti R (Contanal Hospi- 
tal, St. Galoen, Switzerland). Am J Sports Med 5:19-22, 1977 


The author reports experience with peroneal tendon disloca- 
tions at the ankle in five acute cases and 12 chronic cases. 
Chip fractures of the lateral malleolus were discovered in only 
three of the cases suggesting that radiologic observation is 
useful only if the fracture is present. Also described is an 
osteotomy procedure of the lateral half of the tip of the lateral 
malleolus with two screws internally fixing the fragment in a 
position slightly posterior to its normal position. This procedure 
is then radiographically apparent. 


Philip W. Anderson 


Arthrographic, clinical, and physical analysis of 100 problem 
knees. Korn MW, Spitzer RM, Olsson AE (University of Roches- 
ter, Rochester, New York). Am J Sports Med 5:63-66, March- 
April 1977 


This paper suggests that double contrast fluoroscopic tech- 
nique for knee arthrography is a safe and accurate preoperative 
out-patient diagnostic modality. The authors conclude that it is 
highly accurate in the evaluation of internal derangements, 
particularly those of the menisci. Accuracy for the medial 
meniscus interpretation was 96% with false positive of 2%; 
false negative of 296. Accuracy rate for lateral meniscus was 
95% with false positive of 2% and false negative of 3%, while 
accuracy for interpretation of the anterior cruciate ligament 
was 82%, false positive 9%, false negative 9%. The results were 
based on surgical procedures on every patient; all performed 
by the same surgeon. The article concludes that arthrography 
and arthroscopy are complementary procedures. 


Philip W. Anderson 


Popliteus tendon tenosynovitis. Mayfield GW (Tripler Army 
Medical Center, Honolulu, Hawaii). Am J Sports Med 5:31-36, 
Jan-Feb 1977 


The author describes inflammation of the tendinous portion 
of the popliteus muscle in a series of 30 patients. Functional 
anatomy, pathomechanics, and a classification of this injury by 
degree of severity are described. The author observes that pre- 
vious literature and his own experience would indicate that 
2596 of the patients radiographed (five of 20) revealed opacities 
considered to be calcific deposits in the area of the popliteus 
tendon. The calcification had no correlation with the severity or 
persistence of symptoms but appeared to reflect the tenosynov- 
itis. 

Philip W. Anderson 


Positive arthrography of the craniocervical joints. Dirheimer 
Y, Ramsheyi A, Reolon M (Service de Neuroradiologie du 
C.H.U. 1, place de l'Hopital F-67005 Strasbourg Cedex/France). 
Neuroradiology 12:257-260, May 28, 1977 


The authors report their findings in 18 adult cadavers of both 
sexes in which the base of the skull and upper three cervical 
vertebra were removed en block. The occipoto C: and C: 2 joint 
capsules were located by dissection, injected with a mixture of 
Horsley's hemostatic wax and half monoiodostearat ethyl ester 
and then radiographed. 

Injection of the alanto-occipital joint filled only the side 
injected and demonstrated a loose synovial membrane ante- 
riorly, posteriorly, and to a lesser extent laterally permitting 
flexion extension movements. Two distinct atlantodental artic- 
ulations, the anterior atlantodental joint and the syndesmo- 
odontoid joint, located posteriorly, were identified. Both were 
very small and intercommunicated freely. The synovial mem- 
brane was extensive; ensheathing the odontoid process and 
extending both above and below the articular surfaces. The 
atlantoaxial joints contained a very loose synovial membrane 
especially in the front, favoring gliding movements. Commonly 
there was synovial continuity between the atlantoaxial and 
atlantodental articulations. Less commonly, all four joints at 
the C: level were interconnected. This paper is useful in 
understanding the pattern with synovial inflammatory diseases. 


Paul M. Chikkos 


Nervous System 


Detection of subarachnoid blood clot and other thin, flat 
structures by computed tomography. Lim ST, Sage DJ (Little 
Company of Mary Hospital, Torrance, California). Radiology 
123:79-84, April 1977 


Eight cases of subarachnoid hemorrhages secondary to 
aneurysms are presented of which four had multiple aneurysms. 
Correlation of bleeding focus with site of CT detected subarach- 
noid blood showed: (1) the side of the bleeding aneurysm had 
more subarachnoid blood; (2) aneurysms tend to bleed into 
suprasellar cisterns and interhemispheric fissures; (3) when 
subarachnoid blood clots were not localized or limited to a 
single cistern, the bleeding site was located near an imaginary 
centripetal center of the radiating involved cisterns; (4) in the 
absence of more localizing findings, the minimum finding was 
a linear density in the interhemispheric fissure; (5) localization 
in case of multiple aneurysms corresponded with angiographic 
criteria for identifying bleeding aneurysms. 

Detectability of minimal amounts of blood distributed in thin, 
flat spaces is influenced by partial-volume phenomena. The 
difference in Houndfield units between blood containing struc- 
tures and surrounding tissues determines the detectability. 
Increased detectability depends on: greater differences in true 
absorption coefficients of the lesion, greater thickness of the 
lesion, thinner tomographic sections, and the orientation of the 
lesion to the tomographic section. Most lesions detected are 
globular and orientation is of little significance. However, the 
thin, flat lesion will be detected maximally when oriented 
perpendicular to the plane of the tomographic section. That is, 
the yield of detecting thin collections of blood clots is highest 
when along interhemispheric fissure, around cerebral pedun- 
cles, Sylvian tissue, deep sulci, and third ventricle, since these 
are in a plane perpendicular to the usual tomographic plane. In 
order not to miss a lesion only partially included in the tomo- 
graphic section and oriented parallel to it, overlapping scans 
are recommended using a small collimeter. Coronal cuts are 
also suggested. 
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The authors conclude that CT scanning is reliable in demon- 
strating thin collections of subarachnoid blood clots or blood- 
stained pia-arachnoid adjacent to aneurysms which have re- 
cently bled. Angiography is believed to be the definitive exami- 
nation for the demonstration of the aneurysm, although CT 
findings enable catheterization of the correct side or vessel 
earliest. 


Asher Nov 


Myelography in patients with acute cauda equina syndrome 
(in German). Laasonen EM, Ehrstroen J, Servo A (Orthopae- 
dische und Traumatologische Klinik, Topeliuksenkatu 5, 00260 
Helsinki 26, Finland). Fortschr Roentgenstr 127:41-45, July 
1977 


Emergency myelography using a water-soluble contrast 
agent was performed on 51 patients with acute equina syn- 
drome. Complete obstruction was found in 23 patients; causes 
were disc herniation in 18, tumor in two, spinal stenosis in two, 
and epidural hematoma, one. Disc herniation without complete 
obstruction was found in 13 patients, five of which had a partial 
obstruction and the remaining eight had a moderate-sized 
prolapse without interference with the flow of contrast agent. 
Nerve root sleeve amputation was found in eight patients, with 
atrophy of the nerve in four, edema of the nerve in three, and 
unremarkable nerve root in one. Spinal stenosis without ob- 
struction was encountered in two patients. No pathology was 
detected in five patients. 

Peter F. Winter 


Diagnosis of descending transtentorial herniation by cranial 
computed tomography. Osborn AG (University of Utah, Medical 
Center, Salt Lake City, Utah 84112). Radiology 123:93-96, April 
1977 


The normal anatomy of the falx cerebri and tentorium cere- 
belli are discussed. CT signs of descending transtentorial her- 
niation are: flattening of the pentagonal shape of the suprasellar 
cistern; enlarged subarachnoid space between brain stem and 
free tentoral edge on the ipsilateral side; ipsilateral medial 
stretching of posterior cerebral and posterior communicating 
arteries; continued and increasing intracranial pressure causing 
uncus and hippocampal gyrus herniation through the hiatus 
causing progressive obliteration of the parasellar and interpe- 
duncular cisterns. Brain stem compression will be seen as 
anteroposterior elongation of the midbrain. The basilar artery 
may show inferior and posterior displacement. Major complica- 
tions of transtentorial herniation are: brain stem hemorrhage 
and occipital lobe infarction secondary to occlusion of posterior 
cerebral artery. 


Asher Nov 


Cranial chordomas. Kendall BE, Lee BCP (National Hospitals 
for Nervous Diseases, London, England WCIN 3BG). Br J Radiol 
50:687-698, Oct 1977 


Clinical and radiological features of 44 cranial chordomas 
are recorded. Classical features of a midline partially calcified 
tumor, destroying the clivus and causing a soft tissue mass in 
the sphenoid sinus or nasopharynx were present in about half 
the cases. The high incidence of unilateral bone erosion which 
occurred in nearly a third of the cases, the diagnostic signifi- 
cance of erosion of the tip of the clivus and odontoid peg, and 
the not infrequent sclerotic bone reaction to the tumor, are 
stressed. 

Increased uptake of °°"Tc occurred in the five cases in which 





gamma encephalography was performed. Computed transmis- 
sion tomography was valuable not only in showing the intracra- 
nial extension of the tumors and changes in the ventricular 
system, but also in outlining the extent of the mass within the 
skull base. 

Chordomas tend to displace the dura before transgressing it 
so that the subarachnoid space is usually patent adjacent to 
quite large tumors allowing the margins of any intracranial or 
spinal extension to be outlined at encephalography or myelog- 
raphy. 

Displacements of basal vessels are helpful in confirmation of 
the site and extent of the tumor. Narrowing of arteries by 
compression is not infrequent but encasement is rare. Patho- 
logic circulation which has not been considered to be a feature 
of chordomas was shown in six cases. 


Author Abstract 


A review of the findings on computed cranial tomography 
following intravenous contrast media. Davis KR, New PFJ, 
Solis OJ, Roberson GH (Massachusetts General Hospital, Bos- 
ton, Massachusetts). Revista Interam Radiol 2:15-18, Jan 1977 


In glioblastoma, obvious contrast enhancement occurs in 
almost all cases, but the patterns vary widely. The two most 
common patterns are an irregular patchy contrast enhancement 
and a more discreet irregularly rounded region of marked 
contrast enhancement, within which are distributed areas of 
relatively low absorption. A less common, but relatively charac- 
teristic appearance of glioblastoma is that of a relatively 
smooth, rounded, and sharply defined rim of enhancement 
within which is a very low density area, showing no enhance- 
ment, and indicating cyst formation. At times a thick plaque or 
craggy nodular local thickening of the rim may be seen project- 
ing inward. Occasionally, glioblastoma will show no definite 
enhancement in any of the areas of abnormal absorption shown 
on plain CT scan. 

Astrocytoma, grades | and ll, have tended to show less 
irregular patterns of diminished absorption (occasionally ac- 
companied by calcification) on plain scans than glioblastomas. 
There may be no contrast enhancement or localized or patchy 
enhancement, limited to a smaller proportion of the total lesion 
than in glioblastoma. Enhancement probably occurs more com- 
monly with drip infusion technique than with bolus technique. 

In metastases, the higher doses of iodine provided by drip 
infusion have resulted in more frequent and greater degree of 
contrast enhancement. Adenocarcinomas have tended to show 
considerable peripheral enhancement. Melanoma usually 
shows considerable contrast enhancement. With drip infusion. 
thin irregular rims of contrast enhancement may be seen in 
undifferentiated or poorly differentiated metastatic lesions. 
When a contrast rim is seen, the rim is usually narrower, less 
regular, and less enhanced than in glioblastoma. The squamous 
cell metastases may not be well shown with lower doses but 
with drip infusion may show nonhomogenous, partial, and 
peripheral enhancement. Most cases of meningeal carcinoma- 
tosis showed either a normal scan or nothing more than an 
obstructive communicating hydrocephalus. Enhancement was 
noted, however, in one case of suprasellar gliomatous spread 
and in another case the spread of the medulloblastoma to the 
cerebellopontine angle. 

Meningiomas showing no evidence of calcification generally 
show a homogenous marked or moderate contrast enhance- 
ment. In those meningiomas in which extensive calcification 
has been demonstrated, little contrast enhancement has been 
noted. There were no examples of meningiomas with central 
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area which had not enhanced. This is in striking contrast with 
neurofibromas and Schwannomas. 

Large acoustic neuromas may present as well-demarcated 
rounded lesions with marked homogenous contrast enhance- 
ment, but the larger lesions and some smaller lesions tend to 
show a regular central region of lower density which enhance 
slightly or not at all. All acoustic neuromas more than 2 cm in 
diameter showed obvious enhancement with drip infusion. 
Neuromas less than 1.5 cm in diameter may not be identified 
with certainty. 

Chromophobe adenomas usually show a homogenous con- 
trast enhancement unless necrotic or cystic change is present. 
Extradural epidermoid cysts may show sharply defined bone 
destruction in the middle fossa and petrous apex. A zone of 
moderate contrast enhancement may be shown as surrounding 
the region of low absorption which represents the cyst itself. In 
other cases no contrast enhancement may be seen. Large 
arteriovenous malformations may be identified by local areas of 
slightly increased absorption relative to brain and occasionally 
a projection of the abnormal vessels into the ventricular system 
or subarachnoid cisterns. High dose contrast enhancement 
greatly facilitates the identification of these lesions. Enlarged 
feeding and draining vessels can commonly be distinguished. 
The development of an abscess capsule within an area of 
cerebritis has been identified by serial scanning. Reliable dem- 
onstration of the presence of capsule formation in brain abscess 
requires contrast enhancement and it is likely that the higher 
dose injections will be more effective than lower doses in 
demonstrating capsule formation early in evolution. There is 
usually a rim with rather smooth internal and external margins. 
One or more loculi may be present. In chronic subdural hema- 
toma, drip infusion may slightly increase the absorption of 
brain adjacent to the hematoma, with resulting increase in the 
differential absorption. 

Infarction may show contrast enhancement following drip 
infusion, usually within the first four weeks. The appearance 
may mimic neoplasm, and serial scans may be necessary for 
differentiation. Occasionally a rim of enhancement occurs. (At 
times the gyral pattern may be noted.) Contrast enhancement 
is currently used in more than 65% of the patients studied. 


Charles M. Nice, Jr 


Arteriographic evidence of coronary arterial spasm in acute 
myocardial infarction. Oliva PB, Breckinridge JC (Denver Gen- 
eral Hospital, Denver, Colorado 80204). Circulation 56:366-374, 
Sept 1977 


Coronary arteriography was performed before and after the 
intracoronary artery injection of nitroglycerin in patients with 
acute myocardial infarction. Coronary arterial spasm was dem- 
onstrated in six of 15 (40%). In five of the six, the interval from 
the onset of symptoms to arteriography was less than 6 hr. 
Spasm was superimposed on a high-grade atherosclerotic ob- 
struction. 


Robert S. Frech 


The ventriculo-cephalic ratio on computed tomography. 
Banna M (Hamilton General Hospital, Hamilton, Ontario, Can- 
ada). J Can Assoc Radiol 28:208-210, Sept 1977 


The author proposes another method to describe the cerebral 
ventricles on CT scans. The bicaudate line, the minimal width 
of the body of the lateral ventricles opposite the heads of the 
caudate nuclei, divided by the inner diameter of the skull at the 
same level equals the ventriculo-cephalic ratio. A total of 300 


normal CT scans were randomly selected and reviewed and the 
mean ventriculo-cephalic ratio was found to vary between 
0.095-0.15. Also suggested was that a ratio of 0.15-0.2 would 
indicate mild ventricular enlargement, 0.2-0.25 moderate en- 
largement, and anything above 0.25 severe enlargement. 


J. M. Tishler 


The use of computed axial tomography (CAT) for the diagnosis 
and management of intracranial angiomas. Kendall B, Clav- 
eria L (National Hospital, Queen Square, London WC1N 3 BG, 
England). Neuroradiology 12:141-160, Dec 15, 1976 


The authors report their experience in 41 consecutive pa- 
tients with proven intracranial angiomatous malformations who 
were subjected to an EMI scan with a 160 x 160 matrix and in 
most cases, contrast enhancement. Of the angiomas, 39 were 
intraparenchymal or pial arteriovenous malformations. The pa- 
tients were of near equal sex distribution, averaged 35 years of 
age, and 5296 presented with subarachnoid hemorrhage. 

In 27 cases (6696) a specific diagnosis of arteriovenous 
malformation was made on the basis of the CT appearance. 
These were characterized as masses composed of increased 
density showing tubular, vermiform, oval or mottled structure 
and were present in 18 cases before, and nine cases after 
contrast enhancement. Other CT features associated with these 
malformations included focal atrophy or infarction in 14 (34%), 
mass effect in 11 (2796), associated hematoma in 10 (24%), 
hydrocephalus in eight (1996), and calcification in six (1596). In 
six of 10 cases with arteriovenous malformations and associated 
intracerebral hematoma, the CT appearance could not be distin- 
guished from hematoma alone. In one case, a high density 
lesion without contrast enhancement, felt to represent an intra- 
cerebral hematoma, was found to be a totally thrombosed 
cavernous hemangioma. In only one case, a dural malforma- 
tion, was there an absence of focal abnormality when contrast 
enhancement was employed. 

During this study 4,500 CT scans were performed and only 
four enhancing lesions felt to represent arteriovenous malfor- 
mations were false positive diagnoses. Three were infarcts 1-4 
weeks of age which appeared as a low or normal density lesion 
with a tubular pattern and partial enhancement, and one was 
an infratentorial subdural empyema. The authors recommend 
that a CT scan precede angiography in these patients. 


Paul M. Chikos 


Early filling of veins in the parietal region. Bradac GB (Neuro- 
radiologie-Rontgendiagnostik, Hindenburgdamm 30, D-1000 
Berlin 45, Germany). Neuroradiology 13:41-43, March 28, 1977 


Early filling veins in the parietal area on carotid angiography 
are generally considered a nonspecific sign of parietal abnor- 
mality. The authors report 20 cases in which an early filling 
parietal vein was not associated with a recognized parietal 
lesion. There were four epileptics with either generalized 
changes or a temporal focus on EEG, six patients with tumors 
at the base of the skull, and 10 patients with transient ischemic 
episodes not clinically related to a parietal focus who were also 
asymptomatic at angiography. The authors conclude that an 
early filling parietal vein is neither specific for a particular 
lesion nor for a parietal location. 


Paul M. Chikos 


Clinical concepts of contrast enhancement in computed cra- 
nial tomography. Davis KR, Solis OJ, New PFJ, Roberson GH 
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(Massachusetts General Hospital, Boston, Massachusetts). Re- 
vista Interam Radiol 2:7-14, Jan 1977 


Infusion of intravenous contrast medium with computed cra- 
nial tomography may be judiciously used to improve the detect- 
ability of lesions and to assist in differential diagnosis. The 
baseline study before injection of contrast may be important 
because when an area of high absorption value is obtained it 
may not be clear whether there is a hemorrhage or enhance- 
ment of the affected area. The biological half-time for the 
iodine is found to be approximately 45 min, and a lesion may 
be seen better with the delayed scan as the blood pool iodine 
decreases. 

Advantages of contrast enhancement are: 

1. Increased detectability of many lesions. In arteriovenous 
malformation, the plain scan may be negative, show calcifica- 
tion, or elevated obstruction values from a large blood pool. A 
scan taken during infusion shows enhancement of the vascular 
pattern and prominent draining vessels. Acoustic neuromas, 
metastases, and cystic astrocytomas may be more readily dem- 
onstrated. 

2. A lesion adjacent to the base of the skull may become 
obvious. An example of this is the chromophobe adenoma. 
Thinner slices, a change of angulation, and coronal and sagittal 
slices may also be of assistance. 

3. Equivocal lesions within an area of artifacts may become 
obvious. Residual contrast medium or surgical clips may be 
seen on plain study but a lesion such as a neuroma may be 
enhanced and seen after infusion by subtracting out the arti- 
facts. 

4. An optimal tumor biopsy area may become evident. Some 
glioblastomas appeared to show greater contrast enhancement 
following irradiation and chemotherapy, while others show less 
enhancement after steroids and irradiation. 

5. The presence and pattern of contrast enhancement may 
assist in the differential diagnosis of a lesion, but may be 
nonspecific and complementary to the clinical status and other 
tests in many cases. In some cases one may expect meningioma 
from the computer scan whereas the angiogram might suggest 
the possibility of glioblastoma. 

6. A second lesion, as in metastatic disease, or an associated 
lesion, may become apparent. The plain scan may show a 
hematoma and the infusion may then show that the hematoma 
results from an arterial malformation. 

7. A suprasellar extension of tumor may be detected. Exam- 
ples are the chromophobe adenoma, meningioma around the 
tuberculum, planum, or medial sphenoid wing, dysgerminoma, 
and suprasellar metastases. 

8. Contrast enhancement may more clearly depict a rapidly 
changing pathologic process, but may not be specific as to the 
nature of the lesion. Examples cited are abscess, reticulum cell 
sarcoma, glioblastoma, and medulloblastoma. In acute demye- 
linating disease, as for example in one patient cited who 
developed neurologic symptoms after a wasp sting, the first 
plain scan may be normal. Four days later, a second CT scan 
showed abnormal enhancement in the left corona radiata and 
the technetium isotope scan was more positive at 5 hr than 
initially. 


Charles M. Nice, Jr 


Cerebral angiography in acute cerebral infarction. Solis OJ, 
Roberson GR, Taveras JM, Mohr J, Pessin M. (Massachusetts 
General Hospital, Boston, Massachusetts). Revist Interam Ra- 
diol 2:19-25, Jan 1977 


Cerebral angiography may be of considerable value in the 
acute phase of cerebral infarction. Of 68 patients subsequently 
documented to have retinal or cerebral hemispheric infarction, 
63 (92.6%) had angiographic demonstration of occlusive lesions 
which appeared to correlate with the clinical deficit. Since this 
observation has not been noted in previous angiographic re- 
ports, it is suggested that delayed carotid arteriography fails to 
show occlusive lesions which may be shown acutely. 


Charles M. Nice, Jr. 


Pediatric Radiology 


Unusual radiographic manifestations of cystic fibrosis. Haller 
JO, Heffer ET, Kassner EG, Pinck RL (State University of New 
York Downstate Medical Center, Brooklyn, New York). Revista 
Interam Radiol 2:41-42, Jan 1977 


Two case reports demonstrate two radiographic findings not 
previously described in patients with cystic fibrosis. A routine 
chest radiograph of a 15-year-old Caucasian Puerto Rican girl 
with far advanced obstructive lung disease and cor pulmonale 
revealed pneumatosis of the splenic structure of the colon. A 
subsequent radiograph of the abdomen showed linear pneu- 
matosis of most of the colon. There were no specific abdominal 
symptoms. A radiograph of the abdomen 4 weeks later was 
normal. A second patient, a 22-year-old black woman, had 
presented with severe abdominal pain and marked weight loss 
at age 18 years. Diabetes mellitus was diagnosed and a sweat 
test revealed cystic fibrosis. A radiograph of the abdomen 
showed extensive pancreatic calcifications which were rather 
large and resembled pancreatic calcifications of hereditary 
pancreatitis. 


Charles M. Nice, Jr. 


Miscellaneous 


Salivary calcinosis. Laudenbach P, Bonneau E, Top T, Tran 
CP (Center Hospitalier de Bicétre, Service de Stomatologie, 78 
Rue General Leclerc, Le Kremlin-Bicétre, France 94270). J 
Radiol Electrol Med Nucl 58:413-418, June-July 1977 


Salivary calcinosis is a rare disease characterized by the 
formation of multiple small calcifications diffusely distributed 
through the parenchyma of the salivary glands. The condition 
is bilateral, most frequently involving the parotid glands, and 
occurs almost exclusively in the female. Of 11 patients studied, 
10 were females and one male. In eight patients the parotid 
gland was involved and in three the submaxillary gland was 
involved. Average patient age was 40-45 years. 

In striking contrast, salivary lithiasis occurs in both sexes 
and at any age. The calculi are larger in size, fewer in number 
and more dense than the calcifications in salivary calcinosis. 
Salivary lithiasis occurs five times as often in the submaxillary 
as in the parotid gland. 

Radiographic demonstration of the calcifications in salivary 
calcinosis is best obtained on plain film, with appropriate 
projections to avoid superimposition of adjacent bony struc- 
tures. The calcifications are of relatively slight density, best 
demonstrated on a normally or slightly underexposed film. If 
sialography is to be performed it should be preceded by a plain 
film. Sialography often reveals irregularity and dilatation of the 
salivary ducts and the absence of any calculi in the ducts. 

The clinical picture may be that of a chronic rather mild 
salivary gland infection with occasional subacute exacerbation 
and localized swelling. While the calcifications are bilateral, 
the clinical manifestations of subacute infection and swelling is 
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unilateral, indicating that infection is not an etiologic factor. 
Rarely is there spontaneous migration and expulsion of a 
concretion through the ducts. The calculi are small in size, 
measuring one or a few millimeters in diameter. Salivary excre- 
tion is usually decreased, saliva is mucoid and thick. The 
differential diagnosis is easy. Salivary calculi, calcified lymph 
nodes, and phleboliths within an angioma can be readily iden- 
tified and distinguished from calcinosis. Treatment is limited to 
palliative measures, including oral hygiene and administration 
of antibiotics for infection. 


William H. Shehadi 


Hazards of intra-arterial diazepam. Gould JDM, Lingam S 
(Royal Hospital for Sick Children, Glasgow, Scotland G3 8SJ). 
Br Med J 2:298-299, July 30, 1977 


This report describes vascular complications in two children 
following the intraarterial injection of diazepam. The first child, 
age 11 months, received 3 mg diazepam injected accidentally 
into the brachial artery during treatment of clonic status epilep- 
ticus. Within '/z hr vascular changes developed in the forearm 
and palm of the injected limb; these changes progressed for 48 
hr. The radial pulse remained palpable and the fingers were 
unaffected. Complete necrosis did not ensue and eventual 
healing occurred. The second patient, a full-term child, was 
initially healthy but developed respiratory failure on the second 
day and an umbilical arterial catheter was inserted. A total of 
1.5 mg of diazapam was injected undiluted down this catheter 
following the development of generalized clonic seizures. Im- 
mediate vascular changes developed in both legs which per- 
sisted until death. Vascular histology was not obtained. The 
literature contains two previous reports of presumed severe 
vascular or end-organ damage following intraarterial diazepam 
injection. Experimentally undiluted diazepam injected intraar- 
terially into the renal and mesenteric arteries of dogs produced 
no complications in one series. However, others have shown 
vascular changes following small artery injections in the rabbit. 
The authors thus question the safety of intraarterial diazepam. 
In children, or when a small artery is catheterized, the intrave- 
nous route would seem preferable and a bolus injection 
avoided. It is hoped that further experimental elucidation of 
this complication can be obtained. 


T. N. K. Allan 


Significance of vascularity of the breast: a quantitative ap- 
proach using xeromammography. Raskin MM, Martinez-Lopez 
M (Florida Medical Center, Lauderdale Lakes, Florida). Revista 
Interam Radiol 2:93-95, April 1977 


The authors found that vein diameter was easier to measure 
on xeromammograms than on conventional mammograms. The 
ratio of the diameter of the largest vein in either breast to the 
diameter of a comparable vein in the opposite breast (32 
carcinomas and 28 benign conditions) indicated that if the 
venous diameter is 1.4:1, or greater, the possibility of malig- 
nancy is increased. 


Charles M. Nice, Jr. 


Adverse effects on offspring of maternal alcohol abuse during 
pregnancy. Ouellette EM, Rosett HL, Rosman NP, Weiner L 
(Boston University School of Medicine, Boston, Massachusetts). 
N Engl J Med 297:528-530, 1977 


This prospective study of the impact of maternal alcohol 
intake during pregnancy indicates a highly significant associa- 


tion of heavy drinking and both growth abnormalities and 
congenital anomalies. The study was conducted by a nutritional 
survey during the period of prenatal care. The observations on 
abnormalities in newborn infants were made by investigators 
unaware of the patients' alcohol history. Although there were 
associations of heavy drinking and heavy smoking, and greater 
use of some psychoactive drugs among the heavy alcohol 
users, the association of alcohol use, and the newborn abnor- 
malities predominated in the data analysis. This report is prob- 
ably not a definitive study on alcoholism and birth defects, but 
it does serve to heighten our general awareness about this 
important problem. 


David C. Dale 
Medicine, University of Washington 


Ultrasonics 


The relationship of computed tomography and ultrasonogra- 
phy in diagnosis of abdominal disease. Holm HH, Smith EH, 
Bartrum RJ (Harvard Medical School, 25 Shattuck Street, 
Boston, Massachusetts 02115). J Clin Ultrasound 5:230-237, 
Aug 1977 


A detailed comparison of computed tomography and ultra- 
sonography of the abdomen is presented from a theoretical 
point of view. The advantages and limitations of both modalities 
are discussed in terms of scan content, resolution, plane of 
interrogation, dynamic imaging, examination time, imaging 
problems, automation, contrast administration, puncture guid- 
ance, examination availability, hazards, personnel and space 
requirements, and cost. Analysis of these factors leads the 
authors to conclude that ultrasound should be the procedure 
of choice for sectional imaging of the abdomen. Computed 
tomography should be reserved for those situations in which 
the ultrasound examination is not diagnostic (i.e., skeletal 
system, lungs, mediastinum). 


Author Abstract 


Ultrasonic characterization of solid renal lesions: echo- 
graphic, angiographic and pathologic correlation. Maklad NF, 
Chuang VP, Doust BD, Cho KJ, Curran JE (University of Kansas 
Medical Center, Rainbow Boulevard at 39th Street, Kansas 
City, Kansas 66103). Radiology 123:733-739, June 1977 


A total of 72 patients with solid renal lesions were studied by 
renal echography and the results were correlated with angiog- 
raphy and pathologic examination of excised specimens. Thirty- 
one tumors were diagnosed by echography and were proved by 
angiography and pathology. Renal tumors are either more 
echo-producing or less echogenic than adjacent normal renal 
parenchyma. All angiographically hypervascular tumors and 
hypovascular tumors with areas of hemorrhage and necrosis 
are more echo-producing. Hypovascular homogeneous renal 
carcinomas, transitional cell carcinoma invading the kidney, 
and metastases are less echo-producing. Pseudotumors have 
the same echo characteristics as surrounding and adjacent 
normal renal parenchyma. 


Author Abstract 


Improvement in the ultrasonic evaluation of the gallbladder 
by using the left lateral decubitus position. Foster SC, Mc- 
Laughlin SM (Mount Auburn Hospital, 330 Mount Auburn Street, 
Cambridge, Massachusetts 02138). J Clin Ultrasound 5:253, 
Aug 1977 
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The authors recommend the routine use of the left lateral 
decubitus position in addition to the standard supine position 
to decrease the number of "nonvisualized" gallbladders on 
ultrasound examination and to improve the accuracy of the 
examination. It is suggested that improved visualization is 
obtained because: gas in the hepatic flexure moves into the 
right colon; and a gallbladder located under the rib cage will 
move inferiorly and medially allowing visualization of the entire 
gallbladder. Better visualization of this organ could be obtained 
with high frequency near focus transducers. The advantages 
and limitations of increased resolution and decreased beam 
penetration are discussed. 


Stephen J. Carter 


Techniques for improved delineation of normal anatomy of 
the upper abdomen and high retroperitoneum with gray-scale 
ultrasound. Sample WF (University of California Center for the 
Health Sciences, Los Angeles, California). Radiology 124:197- 
202, July 1977 


Improved scanning techniques, positioning, and adjustments 
in instrumentation have been developed on the basis of more 
than 1,500 ultrasound examinations of the upper abdomen and 
high retroperitoneum. The latest instrumentation was em- 
ployed, including gray scale signal processing and focused 
transducers. These methods have resulted in improved visuali- 
zation of normal anatomical structures, including the aorta, 
inferior vena cava, portal venous system, and major branches 
of these vessels as well as the common bile duct. Aspects of 
these techniques are illustrated and their applications and 
limitations in the differential diagnosis of upper abdominal 
disease are discussed. 


Author Abstract 


Ultrasound diagnosis of common bile duct dilatation. Lee TG, 
Henderson SC, Ehrlich R (University of Oregon Health Sciences 
Center, Portland, Oregon 97201). Radiology 124:793-797, Sept 
1977 


The anatomic and morphologic criteria for ultrasonic identi- 
fication of common bile duct dilatation are demonstrated. The 
anatomical relationship with the gallbladder, portal vein, and 
inferior vena cava is stressed. The characteristic shape and 
course of the dilated common bile duct is shown with case 
examples. Correlation with associated findings of dilated intra- 
hepatic bile ducts, dilated gallbladder, stones, or obstructive 
tumor, along with the proper clinical setting is suggested to 
increase diagnostic accuracy. 


Stephen J. Carter 


Gray scale ultrasound evaluation of hepatic neoplasms: pat- 
terns and correlations. Green B, Bree RL, Goldstein HM, 
Stanley C (M.D. Anderson Hospital and Tumor Institute, Hous- 
ton, Texas). Radiology 124:203-208, July 1977 


Ninety malignant hepatic neoplasms were studied by gray 
scale ultrasound. Four different ultrasonic patterns were ob- 
served: (a) discrete, relatively echo-free masses; (b) discrete, 
relatively echogenic masses; (c) totally echo-free masses; and 
(d) diffuse alteration of echo architecture without discrete 
masses. There has been no apparent association of ultrasonic 
pattern with either the histologic type of neoplasm or the 
angiographic vascularity. Corresponding isotopic data is dis- 
cussed. 


Author Abstract 





Nuclear Medicine 


Clinical significance of °°™technetium sulfur colloid accumu- 
lation in renal transplant patients. Kim YC, Massari PU, Brown 
ML, Thrall JH, Chang B, Keyes JW Jr (J. H. Thrall, University of 
Michigan Medical Center, Ann Arbor, Michigan 48109). Radiol- 
ogy 124:745-748, Sept 1977 


Renal accumulation of technetium sulfur colloid was evalu- 
ated in 47 studies performed on 19 renal transplant recipients. 
Fifteen patients received cadaveric renal transplants while four 
received kidneys from living related donors. Standard transplant 
flow studies were obtained using '?"Ci of technetium sulfur 
colloid administered as an intravenous bolus. Static images 
were obtained 1 min and 20 min after injection, accumulating 
300,000 counts. The static images were stored in digital form. 
All patients also had standard excretory urography using ra- 
diohippuran. Renal accumulation of technetium sulfur colloid 
was graded from absent to marked accumulation. Semiquanti- 
tation of renal uptake was accomplished by relating renal 
uptake to bone marrow uptake in adjacent pelvic bones. 

Four normally functioning transplanted kidneys had no renal 
uptake. Six of 11 patients with acute tubular necrosis showed 
minimal or moderate uptake. Patients with acute rejection or a 
rejected graft generally showed moderate to marked uptake. 
Two patients with renal artery thrombosis showed absent up- 
take and one patient with renal sepsis showed marked uptake. 
Of 22 patients demonstrating marked uptake of colloid by the 
kidney, 21 either had acute rejection or rejected grafts. The 
relationship between renal uptake of radiocolloids and rejection 
in patients with renal transplants warrants further study. 


Thomas G. Rudd 


What causes lower neck uptake in bone scans? Oppenheim 
BE, Cantez S (Indiana University School of Medicine, Indianap- 
olis, Indiana 46202). Radiology 124:749- 752, Sept 1977 


Lower neck uptake of bone imaging agents was evaluated in 
122 adult patients referred for routine bone imaging. Standard 
whole body images were obtained on all patients, and in 
addition, anterior, lateral, posterior and anterior oblique spot 
views of the cervical spine were obtained to evaluate neck 
localization of the bone tracer. In addition, a lateral x-ray of the 
cervical spine and a left lateral swimmer's view were also 
obtained. Radiotracer uptake was graded from 0-4- . Arthritis 
in the cervical spine as shown by x-ray was also graded from 0- 
4+. Of 122 patients studied, increased uptake (2+ or greater) 
was identified in 46 (3896). Causes of the increased uptake in 
the lower neck included positioning artifact (23), arthritis (14), 
and metastatic disease (eight). In one case, prominent uptake 
was noted in the thyroid cartilage. In no instance was thyroid 
uptake identified. The bone scan was relatively insensitive in 
detecting osteoarthritis of the cervical spine, compared to 
standard x-rays. Uptake was seen in the cricoid cartilage in 12 
cases but was faint and could generally be detected only on a 
lateral scan of the neck. The apparent increased uptake ob- 
served due to positioning artifact was seen on the anterior view 
and was felt to be due to accentuated lordosis of the lower 
cervical spine. 


Thomas G. Rudd 


Evaluation of multiple myeloma with osseous scintigraphy 
using ??"Tc-Diphosphonate. Review of literature (in Spanish). 
Solis OJ, Gonzales R, DeLuca S, McKusich KA, Potsaid MS 
(Massachusetts General Hospital, Boston, Massachusetts). Re- 
vista Interam Radiol 2:71-75, April 1977 
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In the past many patients have been seen who demonstrated 
lytic lesions of bone on radiography but nevertheless did not 
show abnormality on isotope studies. This was during the time 
when isotopes were fluorine or strontium. More recently with 
the use of technetium diphosphonate, it is the usual rule to 
demonstrate lesions of multiple myeloma even before the radio- 
graphs become positive. Five radiographs and eight nuclear 
Scans are used to demonstrate the findings. 


Charles M. Nice, Jr. 


Scintigraphic detection of acute gastrointestinal bleeding. 
Alavi A, Dann RW, Baum S, Biery DN (Hospital of the University 
of Pennsylvania, Philadelphia, Pennsylvania). Radiology 
124:753-756, Sept 1977 


In induced bleeding experiments on dogs, ??"Tc-sulfur col- 
loid was a suitable agent for detecting the bleeding site in the 
small intestine, providing that the site was distant from the liver 
and spleen. Bleeding sites were detectable at rates as low as 
0.1 ml/min. When induced in the sigmoid or descending colon, 
the site was demonstrated by scintigraphy with °°™Tc-sulfur 
colloid. Unsatisfactory images were obtained in the esophagus 
and stomach, however, when "?'l-ortho-iodohippurate or ??"Tc- 
DTPA was used. 


Author Abstract 


A comparison of 1- and 2-hr delayed brain scans in patients 
undergoing chemotherapy for primary brain tumors. Hill TC, 
Hoffer PB, Levin VA (P. B. Hoffer, Yale University School of 
Medicine, New Haven, Connecticut 06510). J Nucl Med 18:877- 
880, 1977 


Fifty-five patients receiving various forms of chemotherapy 
for primary brain tumors had brain scans performed at 1 hr and 
again at 2 hr following injection of the radionuclide. The images 
were compared for changes in lesion size, lesion intensity, and 
surgical flap intensity. Sixteen precent (9) of the patients 
showed a definite increase in size of the lesions and 2996 (16) a 
definite increase in intensity from 1-hr to the 2-hr scan. Fifty- 
one percent (28) of the patients showed fading in surgical flap 
intensity. One case of primary neoplasm, one case of meningeal 
spread of tumor, and one case of subdural hematoma were 
detected only on the 2-hr view. In addition, changes in the so- 
called doughnut sign were observed. These findings demon- 
strate a need for strict adherence to a specified time between 
injection and imaging in studying brain lesions receiving chem- 
otherapy, and emphasize the superiority of the 2-hr scan for 
evaluation of these patients. 


Author Abstract 


Tc-99m methylene diphosphonate versus Tc-99m pyrophos- 
phate: biologic and clinical comparison. Rudd TG, Allen DR, 
Hartnett DE (University of Washington Hospital, Seattle, Wash- 
ington 98195). J Nucl Med 18:872-876, 1977 


The biologic and imaging characteristics of Tc-99m MDP 
and TC-99m PP, were compared in animals and patients using 
freeze-dried bone-imaging kits. Biodistribution data in rabbits 
showed Tc-99m MDP had slightly higher bone uptake, signifi- 
cantly lower blood levels, and faster urinary excretion compared 
with Tc-99m PP,. Duplicate studies performed on ten patients 
showed the following: (a) blood clearance of Tc-99m MDP was 
more prompt and complete, resulting in significantly lower 
blood levels at 4 hr; (b) urinary excretion was greater with Tc- 
99m MDP than with Tc-99m PP;,; and (c) Tc-99m PP, showed 
significant red-cell labeling, whereas Tc-99m MDP did not. 


Image quality was generally better with Tc-99m MDP than with 
Tc-99m PP;, although there was no obvious difference in diag- 
nostic sensitivity between the two agents. 


Author Abstract 


Xenon-133 accumulation in hepatic steatosis. Ahmad M, Witz- 
tum KF, Fletcher JW, Hendershott LR, Klos D, George EA, 
Donati RM (Veterans Administration Hospital, St. Louis, Mis- 
souri 63125). J Nucl Med 18:881-885, 1977 


Observation of radioxenon accumulation in the liver of pa- 
tients during routine pulmonary ventilation studies suggested 
that hepatic xenon accumulation might result from increased 
hepatic fat content. Hepatic xenon-133 accumulation was stud- 
led in paired rat litter mates, one with alcohol-induced fatty 
liver, the control fed isocaloric glucose. Xenon accumulation 
was increased in fatty livers and paralleled the amount of liver 
fat. During routine ventilation studies in 42 patients, hepatic 
xenon accumulation and retention were correlated with alco- 
holic drinking history and hepatic function studies. Of 15 
patients without xenon accumulation, 1 had a drinking history. 
Of 13 patients with 1+ hepatic xenon, five had a drinking 
history, three were diabetic, two were obese, and two had 
elevated lipid levels. Of six patients with 2+ hepatic xenon, 
four had a drinking history, one had no drinking history re- 
corded, and one was diabetic; two had abnormal liver-function 
studies. All five patients with 3+ hepatic xenon had a drinking 
history and abnormal liver function. Of three patients with 4+ 
hepatic xenon, two had a drinking history and abnormal liver 
function; the other was an obese diabetic. There was a parallel 
between the degree of hepatic xenon accumulation and the 
degree of suspected alcoholic fatty infiltration or diabetes 
determined from the clinical data. These results suggest the 
possible utility of hepatic radioxenon accumulation as a diag- 
nostic test for fatty infiltration of the liver. 


Author Abstract 


A modular computer system for the nuclear medicine/ultra- 
sound laboratory. Noz ME, Schimpf JH, Maguire GQ Jr (New 
York University Medical Center, New York, New York). Radiol- 
ogy 124:759-762, Sept 1977 


Computer-controlled graphic displays are a necessity in many 
nuclear medicine studies. The authors propose using a set-up 
consisting of three modules: (a) a display system based on 
television technology; (b) an instrument interface employing 
list mode and having a low information loss rate; and (c) 
flexible modular software which can easily be tailored to the 
needs of both radiologists and technicians. The authors con- 
sider a mini-computer system with broad, flexible applications 
to be a valuable tool, particularly for those function studies 
which can only be done by means of nuclear medicine tech- 
niques. 


Author Abstract 


Internal mammary lymphoscintigraphy in breast carcinoma: a 
study of 1072 patients. Ege GN (Princess Margaret Hospital, 
500 Sherbourne Street, Toronto, Ontario, M4X 1K9, Canada). 
Int J Radiat Oncol Biol Phys 2:755-761, July-Aug 1977 


A technique of internal mammary lymphoscintigraphy utiliz- 
ing bilateral subcostal injections into the posterior rectus sheath 
of a small volume (.1—.2 ml) of a radiocolloid °°"Tc antimony is 
described. A total of 213 Stage |, 505 Stage Il, 146 Stage Ill, and 
28 Stage IV patients were studied from a total group of 1,072 
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patients referred between April 1973 and December 1975. Ab- 
normal internal mammary scans were recorded in 16%, 25%, 
57%, and 65% of the Stage |, Il, Ill and IV patients respectively 
and in 6096 of an additional unstaged group of 180 patients. In 
all, abnormal parasternal lymphoscintigrams were demon- 
strated in 35% of patients with and in 18% of patients without 
axillary involvement. 


Herbert C. Berry 


Radiation Oncology 


The treatment of craniopharyngiomas. Lichter AS, Wara WM, 
Sheline GE, Townsend JJ, Wilson CB (University of California 
Medical Center, San Francisco, California 94143). /nt J Radiat 
Oncol Biol Phys 2:675-683, July-Aug 1977 


The authors report on a retrospective review of 35 patients 
with craniopharyngiomas treated from 1956 to 1972. Of the 28 
patients seen for initial evaluation, 10 patients received postop- 
erative irradiation and 18 received surgery alone. Forty-seven 
percent of the surgery alone patients had recurrences (eight of 
17) versus a 2096 recurrence rate in the combined group (two 
of 10). One of these combined group patients had an extremely 
large primary tumor and the other had an incomplete course of 
treatment with a dose of 3,450 rads. All eight patients whose 
disease could be encompassed in a relatively small treatment 
volume (25-36 cm?) and whose radiation doses were at least 
5.000 rads were alive without recurrence. A review of the 
literature regarding results of surgery and combined approach 
is included. 


Herbert C. Berry 


Behavioral patterns of prostate adenocarcinoma following an 
125] implant and pelvic node dissection. Hilaris BS, Whitmore 
WF, Batata M, Barzell W (Memorial Sloan-Kettering Cancer 
Center, New York, New York 10021). /nt J Radiat Oncol Biol 
Phys 2:631-637, July-Aug 1977 


The authors report on their results of treating 208 patients 
with adenocarcinoma of the prostate between February 1970 
and September 1976 with a combined technique of retropubic 
bilateral pelvic lymphadenectomy and interstitial implantation 
of the prostate with '?5| sources. Of the patients, 128 were 
clinical Stage B and 80 patients were clinical Stage C. The 
incidence of positive lymph nodes relative to clinical Stage B 
was 29% and 59% in Stage C. The observed difference in 
percent of bone metastases 5 years after implantation between 
Stage T:-T2 versus Stages Ts-Ts was significant (p = .01). The 
observed difference at 5 years for bone metastases was also 
statistically significant (31% for negative nodes and 60% for 
positive nodes) at p = .01. Pretreatment lymphangiograms 
were accurate in about 7096 of the examined patients. The 
authors feel that the apparent association of the initial lymph 
node status with the subsequent development of the usually 
fatal distant metastases, points to the need to identify nodal 
metastases very early in the course of the disease. 


Herbert C. Berry 


Ependymoma: a follow-up study of 101 cases. Mork SJ, Loken 
AC (Rikshospitalet, National Hospital of Norway, University 
Hospital, Oslo, Norway). Cancer 40:907- 915, Aug 1977 


The authors reviewed the records of 101 patients with histo- 
logically confirmed ependymomas. All were seen over a 22-year 
period. Forty-eight of the tumors were intracranial, 29 were 


intramedullary, and 24 were in the "cauda" group. Almost all of 
the intraspinal tumors were in adults. Eighty-seven patients of 
101 were treated surgically. Observed accumulative survival 
rates were related to site with the prognosis of the 51 intraspinal 
ependymomas far more favorable than the intracranial ependy- 
momas, i.e. 90% at 5 years versus 25% survival at 5 years. The 
effect of radiation therapy in intracranial ependymoma showed 
a 23% improvement in 5 year survival rate for the irradiated 
patients. However, the curves converged at 9 years and were 
parallel thereafter. The authors felt the histologic classification 
of their ependymoma series seemed to be of limited prognostic 
value. No patient with an anaplastic ependymoma survived 7 
years while all long-term survivors had typical ependymomas. 


Herbert C. Berry 


Use of body scanner in radiotherapy treatment planning. 
Munzenrider JE, Pilepich M, Rene-Ferrero JB, Tchakarova |, 
Carter BL, (Tufts-New England Medical Center, 171 Harrison 
Avenue, Boston, Massachusetts 02111). Cancer 40:170-179, 
July 1977 


CT body scans were obtained on 98 patients prior to, during, 
and following radiotherapy to evaluate the usefullness of CT 
scanning in treatment planning and follow-up. Tumor extent 
was clearly seen in 6396 (48/76) and not seen in only 4*6 (3). 
Sixty-four percent of the patients scanned were in the primary 
site classification, while only 1596 were in the metastatic cate- 
gory. CT scans were obtained on the Delta scanner with a 256 x 
256 matrix. Thorax and abdomen were most often studied in 
addition to pelvis (26, 33, and 26 patients respectively). CT 
scanning was judged essential for treatment planning in 55% 
(41/75) of the patients. Comments are made regarding the CT 
scanner as a contour taking device, its use regarding tissue 
inhomogeneities and three-dimensional treatment planning, 
and potential relationships between CT scanners and treatment 
simulators. 


Herbert C. Berry 


Physics 


Electron density and atomic number determination by com- 
puted tomography. Isherwood !, Pullan BR, Rutherford RA, 
Strang FA (University of Manchester, Manchester, England). Br 
J Radiol 50:613-619, Sept 1977 


The feasibility of extracting electron density and effective 
atomic number from measurements of tissue in vitro and in 
vivo has previously been reported. The method. requires scans 
to be obtained at two different beam energies. Optimization of 
these energies at 40 keV and 80 keV could enable a variation of 
1 part in 400 of effective atomic number to be detected. The 
method is subject to certain limitations related to accuracy and 
sensitivity. The effect of varying the concentrations of certain 
atoms has been modelled demonstrating the limits below which 
variation in effective atomic number is unlikely to be detectable 
at acceptable radiation doses. 

A series of 12 patients with colloid cysts has been considered. 
All were treated by bilateral ventriculo-cisternostomy from 1 to 
23 years ago. Nine of these patients, and the colloid cyst of one 
patient who died before treatment could be instituted, have 
been subjected to double energy scanning. The results suggest 
that the high attenuation values observed in colloid cysts are 
due to increased electron density and not to any increase in 
high atomic number elements. The cysts do not appear to 
change in size or content over long periods. 


Author Abstract 
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X-rays — More Harm Than Good? By P. W. Laws. Emmaus, Pa.: Rodale Press, 258 pp., 1977. $8.95 


According to Laws, this book attempts "to supplement the 
practical information about x-rays contained in the consumers' 
guide with a more detailed analysis of the situation." Therefore 
it may be fair to conclude that it is intended to be a reasonably 
complete consumer guide about the use of x-rays in the practice 
of medicine. If that is the case, the book fails in its objective 
because the emphasis is primarily on the negative aspects of 
diagnostic radiology; it presents a good compilation of the 
adverse literature concerning the hypothetical risks of medical 
x-ray utilization. A person who reads this book would receive a 
terribly biased perspective, which | do not believe is the purpose 
of a consumer guide. 

The book contains many errors of fact and conclusion that 
might be excused or corrected. One general error is the liberal 
use of testimonial letters as evidence of fact with disclaimers 
by Laws that are ineffective in helping the reader obtain a 
perspective. Any physician will recognize the inconsistencies in 
most of the letters. With the cooperation of Laws, | investigated 
a letter selected at random to justify this conclusion. As ex- 
pected, the letter was a gross distortion of the events as 


recorded in the patient's records. 

The final advice to consumers is contained in the Do's and 
Don'ts of submitting to x-rays. The first one is "Ask the physi- 
cian, dentist, or radiologist who proposes an x-ray examination 
to explain what identifiable benefit will result from it." As 
written, this is an antagonistic and provocative question that 
cannot be answered before the examination. More acceptable 
advice to the patient would be, ‘Feel free to ask your physician 
or dentist why the examination or consultation is being done." 
This is an example of how a modest change could improve the 
advice. This same problem occurs throughout the book so that 
the ultimate question becomes, "Are we to have two consumer 
guides, each as antagonistic advocates, or should consumer 
guides be constructed jointly and cooperatively by the inter- 
ested parties?" If medical x-rays are to achieve optimal utiliza- 
tion, the consumer must receive balanced education and ad- 
vice. 

Reynold F. Brown 
University of California 
San Francisco, California 94143 


Radiologic Anatomy of the Brain. By G. Salamon and Y. P. Huang. New York: Springer-Verlag, 404 pp., 1976. $147.60 


This beautiful atlas is the result of the painstaking work of 
two prominent neuroradiologic anatomists, with the coopera- 
tion of numerous others. 

The book is divided into three parts: Cerebral Hemispheres; 
The Mesencephalic and Diencephalic Region and Basal Gan- 
glia; and The Posterior Fossa. Each part is subdivided into 
various chapters which delve into the ventricular system, arter- 
ies, and veins. 

The 282 figures include photographs of dissected specimens, 
radiographs of injected specimens, clinical radiographs of nor- 
mal angiograms and pneumoencephalograms, and a few draw- 
ings. Frequently the photographs are accompanied by illustra- 
tions which show the plane of interest. The radiographic quality 
is excellent, and subtracted films and magnification angiogra- 
phy are liberally used. The air studies, however, are presented 
with an inverted image, in the European tradition. The illustra- 
tions vary somewhat from being exquisitely beautiful (figs. 199 


and 210) to being somewhat obscured by detail (fig. 262). 
Important variations are presented well with line drawings. If 
there is any drawback in the book, it is that there is no 
correlation with computed tomography. 

Salamon and Huang stress that frequent reference to normal 
anatomy is one of the best means of understanding neuroradi- 
ologic problems. They make the point that neuroradiologic 
examination is nothing more or less than an anatomic survey in 
vivo. 

The book is well prepared and the illustrations are lavish. 
The quality is generally superior, and reference to this anatomic 
text should be both useful and rewarding. This book will appeal 
to practitioners in the neurosciences and should be considered 
for acquisition by every serious library. 

Laurence D. Cromwell 
University of Washington 
Seattle, Washington 98195 


Living With Lung Cancer. By B. G. Cox, D. T. Carr, and R. E. Lee. Rochester, Minn.: Mayo Foundation, 95 pp., 1977. 


This book was written by the staff of the Mayo Clinic for 
education of patients with lung cancer. It covers the history of 
lung cancer, the function of lungs, diagnosis of lung cancer, 
and treatment by surgery, irradiation, and chemotherapy. It 
deals briefly with supportive care, with unproven methods of 
cancer treatment, and with prospects for control of this cancer 
in the future. The introduction describes how the book devel- 
oped, from patient interviews to final evaluation of manuscripts 
by patients. Indeed, it seems to contain anything that a patient 
may want to know and should know about this disease. A 
glossary of related medical terms is also attached, and all this 
information is packed into 95 small pages. The style is clear, 
simple, concise, and in laymen's language. 

There is only one noticeable omission. No survival figures 
are given. nor any indication of ayerage length of life which 
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most patients will ask about. ("What are my chances, doctor?) 
This omission is almost certainly deliberate. It allows a very 
optimistic tone throughout and stresses the need to carry on 
with a normal life and not to give up the pleasures of work and 
leisure. If the prognosis is somewhat unrealistically optimistic, 
it may be just what is necessary to counteract the depression 
which most patients develop after learning this diagnosis. 
Arrangements are underway for distribution of the book at 
cost, and more information can be obtained from the Mayo 
Comprehensive Cancer Center. | think this book should be 
made available to all patients with lung cancer and their fami- 
lies. 
J. F. Kotalik 
Ontario Cancer Foundation 
Thunder Bay, Ontario 
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Modification of Radiosensitivity of Biological Systems. Proceedings of an Advisory Group Meeting, International 
Atomic Energy Agency. Vienna: IAEC (available in U.S. from Unipub, Box 433 Murray Hill Station, New York, NY 


10016), 216 pp., 1976. $14 


This monograph records the proceedings of an advisory 
group meeting on Modification of Radiosensitivity of Biological 
Systems organized by the International Atomic Energy Agency 
and held in Vienna December 8-11, 1975. Eighteen internation- 
ally renowned radiobiologists participated in the meeting with 
four additional observers and three consultants in attendance. 

Excerpts from the Foreword summarize the purpose of the 
meeting. 

The treatment schedule of the radiotherapist has 
remained more or less unaltered during the last 30 
years despite significant progress in the field of radia- 
tion biology. The radiotherapist, in fact, is overbur- 
dened with clinical work and rarely has enough time 
to think seriously about the new radiobiologicai con- 
cepts. He has adopted a pragmatic approach to his 
work and when he has had evidence of the efficacy of 
radiation treatment he has not delayed its application 
pending agreement among radiobiologists on the the- 
oretical principles behind it. When he has had a 
method of exposure that works, he has naturally 
shown little enthusiasm to change it. 

Nevertheless, radiobiologists have continued to 
urge upon the clinician the need to try out their ideas, 
aimed at achieving better therapeutic results. They 
have suggested hyperbaric oxygen chambers and high 
LET radiations with a view to effectively destroying 
the hypoxic cells deeply embedded in the tumour. 
However, the giant accelerators and generators for 
producing high LET particles may prove too expensive 


for the developing countries. Under these circum- 
stances, radioprotectors and hypoxic cell radiosensi- 
tizers may be useful alternatives. Whereas radiosensi- 
tizers would selectively enhance radiation damage to 
the cancerous cells, protectors can be used to mini- 
mize the harmful effects on the surrounding normal 
tissues. 

New types of radiosensitizers and protectors have 
been discovered and the mechanisms of action have 
been better understood. Clinical trials initiated with 
some radiosensitizers have yielded encouraging re- 
sults. The papers presented as well as the conclusions 
and recommendations of the group are included in 
the present proceedings. 

Although this monograph provides a review of the status of 
this field at the time of the meeting, 2 years have since elapsed 
and much of the information has been published elsewhere, 
often with more up-to-date data. Most of the papers are well 
written and the ideas are supported by excellent research 
observations. Nevertheless, as is common with publications of 
this sort, several papers have little relevance to the stated 
purpose of the meeting, and other papers contain sparse 
documentation. 

All in all, this book is an important reference regarding a 
subject which is becoming more important in radiobiologic 
research and clinical application. 

William L. Caldwell 
Wisconsin Clinical Cancer Center 
Madison, Wisconsin 53706 


Practical Atlas of Cardiac Scintigraphy (in French and English). By P. De Vernejoul. St. Louis: Mosby, 1977. $57.50 


This atlas of cardiac scintigraphy consists of 21 pages of 
introduction, technique, and indications followed by 110 plates 
illustrating various normal or abnormal cardiac images. All the 
text is in both English and French, reducing the actual amount 
of reading by one-half. 

The rapid emergence of nuclear cardiology makes this atlas 
timely and needed. Unfortunately, due to the brevity of the text 
and poor quality of many of the scintigrams, the overall impact 
is somewhat disappointing. The sections on methods, equip- 
ment, technique, and indications are poorly developed and 
unlikely to be of much use to those wishing to perform the 
procedures. The quality of the scintigraphic images illustrating 
various examples vary from elegant to poor. Further, the exam- 
ples consist primarily of first-transit angiograms, scintigrams 
following labeled particle injection, and resting *°'T! images, 
while current interest is primarily in rest-exercise ??'TI scintig- 
raphy and electrocardiographic synchronized blood pool stud- 
ies. Both are covered very briefly and the examples presented 
are less than outstanding. However, the reproduction of the 
images per se is of excellent quality and considerably better 


than in most journals and many books. 

The plates and descriptions of infarct location are excellent 
and probably represent the single most attractive feature of the 
atlas. In general, the brief text relates accurately to the illustra- 
tive plates, although there are several errors; plates 5, 6, and 7 
of first-transit angiocardiograms are referred to as equilibrium 
blood pool studies. The statement that first-pass *?' TI extraction 
is 3096 is probably in error. 

Included with the book is a packet of line drawings on clear 
plastic to use as overlays on the scintigraphic images. This is 
useful in some cases, but better scintigraphic examples could 
have avoided the need for overlays in many cases. 

Overall, this atlas is not recommended as an initial book for 
those wishing to perform and interpret cardiac scintigrams. 
Some of these plates, especially those on infarct location, will, 
however, be helpful to specialists in this area. 

Glen Hamilton 
Veterans Administration Hospital 
Seattle, Washington 98108 


Nuclear Medicine Focus on Clinical Diagnosis. By R. P. Spencer. Flushing, N.Y.: Medical Examination Publishing 


Co., 249 pages, $12 


This book is an excellent synopsis of clinical nuclear medi- 
cine in convenient pocket size. The material is practical, cur- 
rent, easy to read, and to the point. The text is sprinkled with 
pertinent gamma camera scintiphotos, line drawings, tablets, 





and occasional correlative radiographs. 


Chapters include: Liver and Gastrointestinal Tract; Spleen 


and Bone Marrow; Thyroid; Central Nervous System; Skeletal 
System; Respiratory System; Cardiovascular System; Urinary 


System; Imaging Additional Organs, Tumors and Abscesses: 
Body Composition and Hematology; Record Keeping, Protocols 
and Radiodecay. Radioimmunoassay was not covered in depth. 

This book would be a comprehensive initial survey of clinical 
nuclear medicine for radiology and nuclear medicine residents 
as well as a review for radiologists practicing clinical nuclear 


medicine. Nuclear medicine technology students and technolo- 
gists also would find this book ideal for their clinical correlation. 


Sidney M. Hecht 
Palmetto General Hospital 
Hialeah, Florida 33010 


Pocket Atlas of Skeletal Age. By T. de Roo and H. J. Schróder. Baltimore: Williams & Wilkins, 129 Dp., 1977. $15 


This compact volume certainly delivers on its promises of 
“handy pocket-size with firm binding, attractive and clear pho- 
tographs, and brief schematic text." That it "guarantees rapid 
orientation for practical purposes" in bone age determination 
is seriously in question. 

In an attempt to keep things simple, de Roo and Schróder 
have unfortunately come up short. There is no description of 
the "large series of children" on which the atlas is based. Even 
a small bibliography is lacking. The brief notes provided oppo- 
site each hand-wrist plate are generally superficial. Paradoxi- 
cally, the incredibly high quality illustrations initially appear so 
dissimilar to actual radiographs that ready comparison is ac- 
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Receipt of books is acknowledged as a courtesy to the sender. Books 
that appear of sufficient interest will be reviewed as space permits. 


Abdominal Gray Scale Ultrasonography. Edited by B. B. Gold- 
berg. New York: Wiley, 372 pp., 1977. 

Acoustic Instrumentation and Characterisation of Lung Tis- 
sue. Edited by T. L. Rhyne. Forest Grove, Ore.: Research 
Studies Press, 109 pp., 1977. $14.95 

Atlas of Carotid Angiography. By M. Takahashi. Tokyo: Igahu 
Shoin, 525 pp., 1977. 22,000 yen 

Atlas of Endoscopic Retrograde Cholangiopancreatography. 
Edited by E. T. Stewart, J. A. Vennes, and J. E. Geenan. St. 
Louis: Mosby, 366 pp., 1977. $45 

Biomedical Ultrasonics. Edited by P. N. T. Wells. London: 
Academic Press, 635 pp., 1977. $46.90 

Breast Cancer Management: Early and Late. Edited by B. A. 
Stoll. Chicago: Year Book Medical Publishers, 237 pp., 1977. 
$17.95 

Chemotherapy of Solid Tumours. Report of a World Health 
Organization Expert Committee. Geneva: WHO, 106 pp., 1977. 
$4. (ISBN 92 4 120605. Available in U.S. from WHO Publications 
Center, 9 Sheridan Ave., Albany, NY 12210). 

Diagnosis of Cholecystoses. A Radiological Survey with Clini- 
cal Aspects. By J. H. J. Ruijs and S. G. Th. Hulst. Hague: 
Martinus Nijhoff, 128 pp., 1977. $22 

Endoscopic Retrograde Pancreatico-Cholangiography (ERCP). 
By H. Anacker, H. D. Weiss, and B. Kramann. Berlin: Springer- 
Verlag, 123 pp., 1977. $29.50 

The First European Seminar on Computerised Axial Tomogra- 
phy in Clinical Practice. Edited by G. H. du Boulay and l. F. 
Moseley. Berlin: Springer-Verlag, 430 pp., 1977. $34.40 
Gray-Scale Ultrasound: A Manual for Physicians and Techni- 
cal Personnel. By R. J. Bartrum, Jr., and H. C. Crow. Philadel- 
phia: Saunders, 216 pp., 1977. $14 

The Hospital Preparation of Radiopharmaceuticals. Scientific 
Report Series 16. Edited by P. W. Horton. London: Hospital 
Physicists' Association, 47 pp., 1977. 

Manuel de Techniques Radiographiques du Crane (in French). 
By G. Korach and J. Vignaud. Paris: Masson, 144 pp., 1977. 
120 F 

Nuclear Medicine. Clinical and Technological Bases. By J. T. 
Andrews and M. J. Milne. New York: Wiley, 468 pp., 1977. $25 
Pediatric Oncologic Radiology. Edited by B. R. Parker and R. 
A. Castellino. St. Louis: Mosby, 451 pp., 1977. $39.50 


tually hindered. One can gradually adjust to this with practice. 
To even approach true usefulness in the assessment of 
Skeletal age, an atlas must be reasonably well founded in 
science and capable of being skillfully applied by experienced 
assessors. The closest to such still remains, for better or for 
worse, the original Greulich and Pyle "bible," which is unlikely 
to be superseded by this pocket atlas. Both possess desirable 
features. It’s really too bad that there is not something in 
between! 
C. Benjamin Graham 
University Hospital 
Seattle, Washington 98195 
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Pediatric Radiology Case Studies. By H. A. Wexler and C. A. 
Poole. Flushing, N.Y.: Medical Examination Publishing Co., 
377 pp., 1977. $15 

Phantom Materials for Photons and Electrons. Scientific Re- 
port Series 20. Edited by D. R. White. London: Hospital Physi- 
cists' Association, 30 pp., 1977. 

Radiation-associated Thyroid Carcinoma. Edited by L. J. De- 
Groot, L. A. Frohman, E. L. Kaplan, and S. Refetoff. New York: 
Grune & Stratton, 539 pp., 1977. $17.50 

Radiologic Physics, Equipment and Quality Control. By W. R. 
Hendee, E. L. Chaney, and R. P. Rossi. Chicago: Year Book 
Medical Publishers, 289 pp., 1977. $18.75 

Radiologic Technology Examination Review. Edited by H. J. 
Naidech and L. M. Damon. New York: Arco Publishing Co., 255 
pp., 1977. 

Radiological Protection. First European Symposium on Rad- 
Equivalence. Edited by R. Chanet. Luxemborg: Commission of 
the European Communities, 265 pp., 1977. $11.80 

Radiology of the Gallbladder and Bile Ducts. Saunders Mono- 
graphs in Clinical Radiology, vol. 12. By R. N. Berk and A. R. 
Clemett. Philadelphia: Saunders, 407 pp., 1977. $24 

Radiology of the Skull and Brain. Anatomy and Pathology, 
vol. 3. Edited by T. H. Newton and D. G. Potts. St. Louis: 
Mosby, pp. 2787-3221, 1977. $47.50 

Seminar on the Radiological Protection Problems Presented 
by the Preparation and Use of Pharmaceuticals Containing 
Radioactive Substances. Commission of the European Com- 
munities (In part in English, French, and German). Luxembourg: 
Commission of the European Communities, 130 pp., 1977. $9 
Symposium on the Spine. The Radiologic Clinics of North 
America, vol. XV, number 2. Edited by A. R. Sandrock. Philadel- 
phia: Saunders, 294 pp., August 1977. $24 for three issues 
Technologists Guide to Mammography, 2nd ed. By R. L. Egan. 
Baltimore: Williams & Wilkins, 155 pp., 1977. $18.95 
Ultrasonics in Clinical Diagnosis, 2nd ed. Edited by P. N. T. 
Wells. Edinburgh: Churchill Livingstone, 195 pp., 1977. $18.50 
Ultrasonography in Obstetrics and Gynecology. By J. C. Hob- 
bins and F. Winsberg. Baltimore: Williams & Wilkins, 174 pp., 
1977. $21 

Xeroradiography: Breast Calcifications. By J. N. Wolfe. Spring- 
field, IIl.: Thomas, 173 pp., 1977. $22.50 

1977 Year Book of Diagnostic Radiology. Edited by W. M. 
Whitehouse. Chicago: Year Book Medical Publishers, 466 pp., 
1977. $24.95 


News 


Neuroradiology Courses 


A postgraduate course in neuroradiology for radiologists, 
neurologists, and neurosurgeons is scheduled for May 15-19 in 
New York City. Sponsor is the Department of Radiology, Albert 
Einstein College of Medicine. The course will include special- 
ized diagnostic procedures and film interpretation panels. Com- 
puted tomography will also be included. AMA Category | credit 
is available. For information, contact Rosanne Ditizio, Coordi- 
nating Secretary, Albert Einstein College of Medicine, Bronx, 
New York 10461. 


Diagnostic Radiology and Nuclear Medicine 
Symposium 


A sixth annual symposium, Practical Advances in Diagnostic 
Radiology and Nuclear Medicine, sponsored by the Johns 
Hopkins Medical Institutions will be April 25-28 in Baltimore. 
Emphasis will be on modern techniques, new procedures and 
clinical concepts, and diagnostic equipment. Presentations will 
be designed for the practicing radiologist, and will consist of 
formal lectures, quiz sessions, and symposia. In addition, work- 
shops will be offered in pediatrics, urinary, gastrointestinal, 
orthopedics, computerized reporting, cardiovascular, chest, 
ultrasound, nuclear medicine, ear, nose, and throat, and com- 
puted tomography. The program carries 32 hr AMA Category | 
credit; fee is $275. For information, contact the Program Coor- 
dinator, Turner Auditorium, Room 22, 720 Rutland Avenue, 
Baltimore, Maryland 21205; telephone (301) 955-5880. 


American Radium Society Meeting 


The annual meeting of the American Radium Society will be 
April 26-30 at the Marriott Hotel in New Orleans. Program and 
hotel information may be obtained from N. V. Jordan, c/o R. H. 
Jesse, M. D. Anderson Hospital, 6723 Bertner Drive, Houston, 
. Texas 77030. 


Surgical Diseases in Children 


Surgical Diseases in Children: Radiologic Evaluation and 
Operative Correlation is the title of a program schedule for May 
17-19 in Lexington, Kentucky. Fees are $180 for physicians and 
$90 for residents. The course carries 15 hr credit. For informa- 
tion, write F. R. Lemon, Continuing Education, College of 
Medicine, University of Kentucky, Lexington, Kentucky 40506. 


Chest Radiology 


New York Medical College will sponsor a course May 8-10, 
Advances and New Concepts in Chest Radiology. A total of 
17'/2 hr AMA Category | credit is available. For information, 
contact R. M. Friedenberg, New York Medical College, 1249 
Fifth Avenue, New York, New York 10029. 


American Society of Neuroradiology Meeting 


The sixteenth annual meeting of the American Society of 
Neuroradiology will be at the Hyatt Regency Hotel, New Orleans, 
February 26-March 2. An extensive scientific program will 
include papers on all aspects of neuroradiology, including 
computed tomography, and keynote lectures by experts in 





419 


fields closely related to neuroradiology. Registration fee is 
$200. For further information, contact the American Society of 
Neuroradiology, c/o Betty Fata, Venue West, 1704-1200 Alberni 
Street, Vancouver, B.C., V6E 1A6, Canada. 


Teletherapy Conference 


Low Dose Rate Teletherapy is the title of a conference 
scheduled for May 4 and 5 at Lake Geneva, Wisconsin. Sponsor 
is the Division of Radiation Therapy, Medical College of Wiscon- 
sin. For information, write J. F. Wilson, Radiation Therapy 
Department, Milwaukee County Medical Complex, 8700 West 
Wisconsin Avenue, Milwaukee, Wisconsin 53226. 


Congresses of Gastroenterology, Digestive 
Endoscopy, and Colo-Proctology 


Madrid will be the site of three congresses in June. June 1-3 
the IV World Congress of Digestive Endoscopy and the | World 
Congress of Colo-Proctoly are scheduled simultaneously, to be 
followed on June 5-9 by the VI World Congress of Gastroenter- 
ology. All will be at the Palacio Nacional de Congresos y 
Exposiciones. Official languages are Spanish, English, and 
French. Simultaneous translation will be provided. For infor- 
mation, write Secretariat of Congresses, TILE, S. A., calle 
Londres 41, Madrid-28, Spain. 


San Francisco: Nuclear Medicine and Diagnostic 
Radiology 


Diagnostic Nuclear Imaging is a course scheduled for March 
4 and 5 in conjunction with a postgraduate course, Diagnostic 
Radiology, March 6-10. Both are sponsored by the University 
of California, San Francisco, and both will be at the Fairmont 
Hotel, San Francisco. Faculty from the host institution will be 
joined by numerous guest faculty. 

During the nuclear medicine program, special emphasis will 
be on points of interaction between nuclear medicine and 
diagnostic radiology. This course carries 9 hr AMA Category | 
credit. Fee is $100; $50 for residents and technologists with a 
letter of verification. Guest faculty will be W. L. Ashburn, 
University of California, San Diego; R. C. Stadalnik, University 
of California, Davis; and H. N. Wagner, Jr., Johns Hopkins, 
Baltimore. 

The diagnostic radiology program is the twenty-first in a 
series of annual courses. This program is designed primarily 
for the radiologist in clinical practice and provides a survey of 
selected subdivisions of diagnostic radiology: genitourinary, 
gastrointestinal, skeletal, chest, neuro, and pediatric. Fee is 
$275; $175 for interns, residents, and members of the armed 
forces with letters of verification. AMA Category | credit totals 
32 hr. Guest faculty will be: W. E. Berdon, Babies Hospital- 
Columbia Presbyterian Medical Center, New York; R. N. Berk, 
University of Texas Southwestern Medical School, Dallas; E. 
Boijsen, University Hospital, Lund, Sweden; G. D. Dodd, M. D. 
Anderson Hospital, Houston; P. Dure-Smith, University of Cali- 
fornia, Irvine; R. H. Gold, UCLA; R. H. Greenspan, Yale; W. S. 
C. Hare, University of Melbourne, Australia; C. J. Hodson, Yale; 
|. Isherwood, University of Manchester, England; W. J. Mc- 
Sweeney, George Washington University, Washington, D.C.; A. 
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Norman, Mt. Sinai School of Medicine, New York City; W. H. 
Northway, Jr., Stanford; F. N. Silverman, Stanford; and R. J. 
Stanley, Mallinckrodt Institute of Radiology, St. Louis. 

Information for both programs is available from Extended 
Programs in Medical Education, University of California, Room 
569-U, San Francisco, California 94143; telephone (415) 666- 
4251. 


Canadian Meeting 


The forty-first annual meeting of the Canadian Association of 
Radiologists will be April 30-May 4 at the Sheraton Centre, 
Toronto. The scientific program will consist of guest lectures, 
refresher courses, proffered papers, scientific exhibits, and a 
quiz show. AMA Category | credit will be available. For details, 
write the Canadian Association of Radiologists, 1440 St. Cath- 
erine Street West, Montreal, H3G IR8; telephone (514) 866-2035. 


Breast Cancer, Diagnosis and Therapy 


Recent Advances in Diagnostic Modalities and Therapy for 
Breast Cancer is the title of a course slated for March 22 in 
New York City. Sponsors are the Beth Israel Medical Center in 
affiliation with the Post-Graduate School of Medicine of the 
Mount Sinai School of Medicine, CUNY. Course topics will 
include mammography and xeroradiography, basics of ther- 
mography, screening for breast cancer, and various aspects of 
breast surgery and chemotherapy. There is no fee. Accreditation 
is provided by the AMA and the American Academy of Family 
Physicians. For registration and information, contact the Amer- 
ican Cancer Society, New York City Division, 19 West 56th 
Street, New York 10019; telephone (212) JU 6-8700, ext. 217. 


Humanities Seminars for Medical Practitioners 


The National Endowment for the Humanities, a federal 
agency, is continuing its program of humanities seminars for 
medical practitioners in 1978. The seminars — which meet dur- 
ing the summer at selected colleges and universities — bring 
physicians and other health professionals together for a month 
of full-time study under the direction of distinguished philoso- 
phers, historians, and others. The seminars are designed to 
give participants the opportunity to stand back from their work 
and explore the humanistic dimensions of their profession. 

From 12 to 15 persons attend each seminar tuition-free, 
receiving a stipend of up to $1,200 to cover expenses, plus 
reimbursement for travel. Physicians, nurses, public health 
officials, hospital administrators, and other health professionals 
may apply. The application deadline is tentatively April 17. 
Further information may be obtained from Professions Pro- 
gram, Division of Fellowships, National Endowment for the 
Humanities, Washington, D.C. 20506. 


Radiologic Update: 1978 


Vanderbilt University will sponsor a refresher course, Radiol- 
ogy Update: 1978, March 5-11, in San Juan, Puerto Rico. Theme 
will be newer aspects in organ imaging modalities. Guest 
speakers will be H. L. Baker, Mayo Clinic, and C. E. Putnam, 
Duke University. Speakers from Vanderbilt will include J. H. 
Allen, C. M. Coulam, A. J. Gerlock, Jr., R. M. Heller, M. D. In- 
gram, A. E. James, Jr., J. J. Kaye, C. Muhletaler, H. P. Pender- 
grass, F. D. Rollo, and C. W. Smith. For information, contact 
R. M. Heller, Department of Radiology, Vanderbilt University 
Hospital, Nashville, Tennessee 37232. 


Cancer Symposium 


The thirteenth annual San Francisco Cancer Symposium pre- 
sented by the West Coast Cancer Foundation will be March 3 
and 4. Conference title is Combined Effects of Chemotherapy 
and Radiotherapy on Normal Tissue Tolerance. Category I credit 
is available. Fee is $125. For information, contact J. L. Kohn, 
West Coast Cancer Foundation, 50 Francisco Street, Suite 200, 
San Francisco, California 94133; telephone (415) 981-4590. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings of these events ap- 
peared in journal issues indicated in parentheses. 

International Course in Advanced Neuroradiology, March 
10 and 11, Strasbourg, France (July). 

Osteopathic Radiology Course, April 6-8 Orlando, Florida 
(September). 

XI Neuroradiological Symposium, June 4-10, Wiesbaden, 
Germany (October). 

Diagnostic Nuclear Imaging, course, March 4 and 5, San 
Francisco (October). 

Emergency Room Radiology, course, May 10-12, San Fran- 
cisco (October). 

Medical Instrumentation Meeting, March 28-April 1, Wash- 
ington, D.C. (October). 

Fleischner Society Symposium, February 27-March 1, San 
Diego (November). 

Radiopharmacology Symposium, May 21-24, Innsbruck, 
Austria (November). 

Radiology of Neoplastic Diseases, course, April 3-7, Dur- 
ham, North Carolina (December). 

Nuclear Medicine Symposium, April 3-6, New York City 
(December). 

International Computed Tomography Symposium, March 
19-24, Miami Beach, Florida (December). 

Practical Neuroradiology, seminar, March 5-9, Williams- 
burg, Virginia (December). 

Spring Roentgen Conference, April 20-22, New Orleans, 
Louisiana (December). 

Legal Aspects of Radiology, symposium, April 19-21, Nash- 
ville, Tennessee (December). 

Aspen Radiology Conference, February 26-March 3, Colo- 
rado (December). 

Automation of Administrative Systems, seminar, April 24- 
26, Chicago (December). 

Diagnostic Radiology Seminars, series, March 1-5, Novem- 
ber 13-17, Washington, D.C. (January). 

Pediatric Radiology, seminar, May 10-12, Indianapolis (Jan- 
uary). 

Cardiac Imaging, refresher course, March 20-24, Las Vegas 
(January). 

Polytomography of the Temporal Bone, symposium, April 
15 and 16, Indianapolis (January). 

Medical Imaging Seminars, seminar, March 5-10, Lake 
Tahoe (January). 

Physics of Radiology and Nuclear Medicine, course, May 8- 
11, New York City (January). 

Ultrasound Course and Obstetrics Program, course, April 
3-May 26; obstetrics programs, March 9 and 10 and June 1 and 
2, all Winston-Salem, North Carolina (January). 

Ultrasound Fellowship, 1 year program, Pittsburgh (January). 

Nuclear Medicine and Biology Congress, September 18-21, 
Washington, D.C. (January). 
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One nice feature of this 
filmchanger is that, to 
bring magnification up... 








...you simply bring the PUCK down. 


The Puck is quite a 
remarkable cutfilm 
changer. It'S economical, 
it's mobile and it's com- 
pact — only 634 inches 
thick. Yet, it produces 
superb image quality for 
abdominal, peripheral, 
thoracic and cerebral 
angiography. With up to 
3 exp/sec and with 20 
film capacity. With patient identification and 
sequential numbering of each film. 

But, that's just the beginning. 

. An available stand allows Puck to travel 
400mm (approx. 16") vertically and to be tilted 
for frontal and lateral projections. By lowering 
Puck while it's under a table without vertical 
adjustment, you can select up to approxi- 
mately 2:1 magnification. With a vertically 
adjustable table the range of magnification 
Is increased. 

No other rapid filmchanger offers this 
advantage. 

In addition to magnification, Puck offers 
very low x-ray attenuation and perfect screen/ 
film contact. Our new CFRP front plate makes 
this possible. This unique Carbon Fiber Rein- 
forced Plastic plate makes no compromise 
between x-ray attenuation and screen/film 
contact. Together with today's micro-focus 
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When a better idea in filmchangers comes along, it will come from us. NAN EP , 





tubes and rare earth 

. Screens, the CFRP lends 
| itself very well to the 
magnification capabil- 
ities of Puck. 

And no other com- 
pact changer offers this 
advantage. 

In addition to com- 
pact size, increased 
magnification, and the 
CFRP plate, Puck offers the convenience and 
accuracy of punch card programming. Punch 
card programming allows you to pre-deter- 
mine the number of films in aseries, and to 
split a magazine load on two or more runs. 
The card can also correlate the filmchanger 
with the injector and control the movements 
of a programmed table. In biplane, only one 
punch card is necessary to operate frontal 
and lateral changers, and they can be pro- 
grammed for alternate or simultaneous 
exposures. 

Puck is available in two models to fit 
film sizes of 35 x 35cm or 24 x 30cm. See 
how Puck can fit into your special procedure 
room. 

For detailed information about Puck cut- 
film changers and stands, write Elema- 
Schonander, Inc. 699 Lively Blvd., Elk Grove 
Village. IL. 60007. Or call (312) 593-6770. 
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For Double Contrast Stomachs, Use 





"E-Z-HD 





High Density with High Fluidity 
Barium Sulfate for Suspension USP 








NOTE THE ANTRAL POLYP (ARROW) AND THE LACELIKE AREAE GASTRICAE IN THE BODY OF THE STOMACH 
Film, courtesy of Robert E Koehler, M.D Washington University, Dept. of Radiology. St. Louis, Missouri 





Double contrast radiography appears to 
offer the potential for significant 
improvements in diagnostic accuracy. 


Double contrast studies of the stomach 
best demonstrate the surface pattern of 
the stomach (areae gastricae). This leads 
to improved detection of superfical 
erosions and ulcers, malignancies, 
polyps and other benign tumors, and 
ulcer scars. 


E-Z-HD barium sulfate provides the basic 
ingredient necessary for good double 
contrast of the stomach. 


The higher the density of the barium 
suspension, the better the coating, 
E-Z-HD allows for the highest density 
suspension of any commercial product 
on the market today: 85% w/w, 250% 
w/v. E-Z-HD achieves this density while 
remaining fluid for ease of administration. 


e High density 

e High fluidity 

e Palatable 

e Unit dose convenience. 
E-Z-HD — The barium for the double 
contrast examination of the stomach 
and duodenum. 


Optimal Density & Fluidity for the Modern 
Double Contrast Examination of the 


Stomach and Duodenum 


Refrences: For Further Information Write: 
David W. Gelfand: The Japanese-Style Double Contrast, Exami- 
nation of the Stomach, Gastrointest Radiol. 1, 7-17 (1976) 


Igor Laufer: The Diagnostic Accuracy of Barium Studies of the id 7 Portland Ave. 
E-Z-EM 


Stomach and Duodenum — Correlation with Endoscopy, 


Roscoe E. Miller: The Air Contrast Stomach Examination: an 


Radiology 115: 569-573, June 1975 | | Westbury, New York 11590 


overview. Radiology 117: 743-744 Dec. 1975 


(516) 333-8230 
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From infant... 
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Choose from three new additions to GE’s proven line of constant load radiographic 
generators: MPX is available in 125 kW, 100 kW and 80 kW rated systems. i 
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„tO obese adult 





MPX computerized generators offer the 
world’s first programmed whole body technic 
management system for any size patient. 











Now your department can be assured of consistent, under the radiographer's control. Standardized 


high quality radiographs for a wide range of departmental technics can be programmed upon 
procedures. Including Automatic Exposure Control installation. And any programmed setting may be 
and fixed time technics. It's all possible with GE's overridden when professional judgment warrants. 
new MPX computerized generator and new More operating precision. Fewer errors and costly 
Quantamatic tx™ technic management system. retakes. Full range, whole body capability. 
Quantamatic tx offers over 200 programmed Standardized results. Get them all with MPX 


technics for each of three body sizes. You get more generators and Quantamatic tx. Contact your 
precise performance —from infant to obese adult, GE representative. 

lateral to oblique, spine to distal extremities. General Electric Medical Systems, 

Yet this anatomically-coordinated system is totally | Milwaukee, Toronto, Madrid. 
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WE MANUFACTURE 


contrast 


MEDIA 


products 
known § 


WORLD-WIDE 


name isn’ 


GUERBET 
BETTER CONTRAST MEDIA THROUGH RESEARCH 


Laboratoire Guerbet, 16/24, rue Jean-Chaptal 
93601 AULNAY-SOUS-BOIS Cedex - FRANCE 
Telex : Guerbet 690682 
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PUBLISHER 





PALEOPATHOLOGICAL DIAGNOSIS AND INTERPRE- 
TATION: Bone Diseases in Ancient Human Populations by 
R. Ted Steinbock, Harvard Medical School, Boston, Massachu- 
setts. Foreword by T. Dale Stewart. The author provides a 
systematic approach for diagnosing bone lesions in excavated 
skeletal series and interpreting the significance of such diseases 
in ancient human populations. Chapters discuss the biology 
and gross anatomy of normal bone to aid in understanding the 
bone changes produced by pathological conditions. The major 
traumatic, infectious, nutritional, metabolic, degenerative and 
neóplastic diseases of bone are covered. A special section is 
devoted to establishing nutritional deficiency as the cause of 
peculiar lesions found in large numbers of excavated crania. 
The chapter on bone tumors and tumor-like processes defines 
the gross morphology of each condition. 77, 440 pp., 274 il., 
16 tables, $22.75 


THE PHYSICS OF RADIOLOGY (3rd Ed., 4th Ptg.) by 
Harold Elford Johns and John Robert Cunningham, both of 
Univ. of Toronto, Toronto, Ontario, Canada. T he emphasis of 
the Third Edition of this text has shifted from 200 kv and 
caesium 137 radiation toward higher energy radiations. Infor- 
mation is included on computer techniques and solid state 
dosimetry. The book also introduces the concepts of kerma, 
particle fluence and energy fluence, and illustrates these ideas 
with examples. Radiology called this book “a valuable addi- 
tion to the radiological physics literature," and went on to say 
that “no radiology resident, practicing radiologist, or radiolog- 
ical physicist should be without a copy of this book at hand. It 
is one of the best texts on the subject available." 77, 812 pp. (6 
1/8 x 9 1/4), 398 il., 92 tables, $25.75 





301-327 East Lawrence Avenue w 


SrANFORD 


X-RAY STEREOSCOPE 
CONSULTATION IN 3-D 


International usage 
for over 30 years 


See Your X-Ray Dealer 
Manufactured in U.S.A. 


SCHNEEMAN ELECTRONICS, Inc 
Grants Pass, Oregon, 97526 








Orders with remittance sent, on approval, postpaid 


AN ATLAS OF POLYTOME PNEUMOGRAPH Y: With Par- 
ticular Reference to the Midline Ventricles of the Brain ^; 
Taher El Gammal and Marshall B. Allen, Jr., both of Medica! 
College of Georgia, Augusta. Assisted by Paul Dyken. This 
atlas presents a large number of studies which supplement the 
study of normal anatomy of the cerebrospinal fluid pathways, 
and provide comparison for the identification of abnormal 
structures. Concentration is on the findings of polytome 
pneumography but, where possible, correlations are made with 
angiography, positive contrast ventriculography, and CAT ex- 
aminations. Relative values of these different examinations are 
demonstrated. Topics include normal CSF pathways, atrophy, 
hydrocephalus, intrasellar subarachnoid recess, and metasellai 
mass lesions—herniations. 77, 480 pp. (8 1/2 x 11), 
$39.50 


729 il., 


HEALTH PROTECTION OF RADIATION WORKERS by 
W. Daggett Norwood, Hanford Environmental Health Foun 
dation, Richland, Washington. Essential information re- 
garding the health protection of radiation workers is provided 
in this book. Included are basic facts on ionizing radiation, its 
measurement and dosimetry; acute and chronic, somatic and 
genetic effects of radiation with emphasis on prevention; and 
radiation protection standards. Diagnosis and treatment of ra- 
diation injury from external radiation and/or internally depos- 
ited radionuclides are considered generally as well as 
specifically for each radioisotope. Other chapters discuss radia- 
tion accidents, atomic power plants, medicolegal problems and 





the medical supervision of workers. 75, 468 pp., 16 il., 16 
tables, $27.50 
Springfield e$ Illinois © 62717 


FOR 14x17, 17x14, 10x12 
and/or 8x10 CASSETTES 


COMPATIBLE with 
COLLIMATORS HAVING 
(PBL) POSITIVE BEAM 

LIMITING ABILITY. 


WALL 


CASSETTE 
HOLDER 


Easy to use: Simply 
slide the Cassette 

into the track. Unique 
S&S flipper design en- 
ables change of Cassette 
size with flip of a finger. 


itso 

SnaP % 
toUse! 
For large and small X-Ray rooms. 
Built for "Hospital-duty" use—— 


but priced for the small X-Ray user. 


FEATURES: Sturdy box girder 
construction, nylon bearings, dual 

lock system, constant torque counter- 
balances end Extra-Heavy plated steel 
tubes. Requires very minimum of tech- 
nician’s time. Increases productivity 
Complies with DHEW Regulations. 


PRICES starts at $500.00 complete. 
S. & S. X-RAY PRODUCTS INC. Accessory Catalog 


est. 
The Complete Line of on reques 
X-Ray Accessories 


SOLD BY LOCAL 
X-RAY DEALERS 
87-93 JAY STREET, BROOKLYN. N.Y. 11201 
Telephone: 212-852-6900 








Our Film Changer 


The new CP 500. If you ve ever 
seen the images produced by 
Pickers CP 420 Film Changer, 
you know what high-quality 
images it provided. You also know 
it was a little difficult to load the 
old style vacuum cassettes. 

So we made some significant 
changes. 

Pickers new CP 500 Film 
Changer uses lightweight 
cassettes, so the consistently 
superior quality radiographs 
associated with the CP 420 are 
possible without plastic bags or 
vacuum units. 

Our cassettes made the 
difference. Made from tough 
carbon-reinforced plastic, each 
cassette stands rigid under 200 lbs 
(91 kg) of evenly distributed 
pressure. This constant force 





presses the air out of the cassettes and assures 


intimate film/screen contact. 





Resulting image quality is second to none. 
To best suit your specific radiographic needs, the 
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CP 500 is available in Lateral, AP, Universal (photo lower 
left), and Biplane configurations. 

Exact procedure duplication assured. [he automatic 
accuracy of computer punchcard programming with the 
CP 500 assures exact procedure duplication. Thus, it allows 
for a library of programs encompassing the variations for a 
eiven examination and special techniques you may wish to 
employ. You can also select automatic exposure intervals in 
a desired time sequence of one to four films per second 
over a range of 36 seconds. 


Because the 3 “eo 
programmer also < 
triggers the injection, p 


you can program 
coordination of the 
injections with the 
exposures. For peripheral 
angiography it programs 
the optional table-top 
shift and generator kV 
reduction. 

And, the same 
program card can be 
used time and time 
again. [he CP 500, like 
all Picker equipment, is backed 
by our nationwide service 
organization, which has a 
proven reputation for depend- 
ability. To order your CP 500 
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film changer, consult your local 
Picker representative, or contact 
Picker Corporation, or Picker 
International, 595 Miner Road, 


Cleveland, OH 44143. 
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ONE-SEVENTH 
OF YOUR EMPLOYEES 
MAY BE DYING. 
HELP SAVETHEIR LIVES. 


















High Blood Pressure program, we have a special kit, "Guidelines for 
is the country's leading High Blood Pressure Control Programs in Business 
contributor to stroke, and Industry." The kit includes complete instructions 
heart disease and kidney on screening, publicity, referral, follow-up, education. 
failure. Any of which And more. 
can kill. 


Send for your kit today. It may 
be the best thing you've ever 
done for your employees. 


And, frighteningly 
enough, one out of every 
seven of your workers has it. 


And half of them have 


And your company. 
no idea they're walk- 
ing around with this 


A Public Service of 
this Magazine & Ad 
time bomb inside them. The Advertising Council Counc 

That's because Noescccies lui aic pee pi bM t FERNER NUN MEE J 
there are usually no 
symptoms. The victim 
feels fine. 

Butallthe while,the 
time bombis ticking 
away. 

Until, suddenly, 

it explodes. 

But you can help. By giving your employees 
a chance to check their blood pressure. It takes only 
seconds to measure a person's blood pressure. And it's 
painless. Best of all, your own medical or nursing 
personnel can do the job, : d 
simply. | 

Whena case of High 
Blood Pressure is detected, 
the employee is then 
referred to a doctor for 
treatment. And treatment 
is usually as simple as tak- 
ing a pill every day. 

To help you imple- 
ment this life-saving 





National High Blood Pressure Education Program 
120/80, National Institutes of Health 
Room 1012—Landow Bldg. 
Bethesda, Md. 20014 


Please send me... copy(ies) of 
"Guidelines for High Blood Pressure Control Programs 
in Business and Industry." 








Company 











City State Zip 
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HIGH BLOOD PRESSURE 
Treat it...and live. 
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The National High Blood Pressure Education Program, U.S. Department of Health, Education, and Welfare 


HIGH BLOOD PRESSURE EDUCATION CAMPAIGN BP-2-76 
BUSINESS PRESS AD NO. HBP - 2475 - 76 — 7" x 10" (110 Screen) 
Volunteer Agency: DKG, Inc. | Volunteer Coordinator: Sanford Buchsbaum, Revlon, Inc. 
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Philips 
Computerized X-ray 
Generator Guarantees 
Optimum Technique 
for Every Exposure! 











PHILIPS Optimus M200 


the ultimate clinical application of computer technology 


/ 


o. 


N - f 





E E did d 


— m^ 
> Ps - Te. ^ 


PHILIPS 


The Computer: Medical Language, Medical Results 
Consider computer technology completely dedicated 
to cardiovascular diagnostics...micro-circuitry that 
thinks and operates in your language according to 
your parameters and your procedure needs. Consider 
technology advanced to a degree that guarantees the 
perfect exposure for every run on every patient, re- 
gardless of age, size or weight. Thisis the OPTIMUS. 


Full automation makes such accuracy simple for you. 
A range of programs covering every examination 
technique is built into the generator at installation. You 
select the medical parameters for each program. For 
examination, simply turn on the generator and press 
one button for the program you want. The OPTIMUS 
does the rest. 


Patient Measuring Shots: Your Instant Preview 
Automatically (in 5 milliseconds), the OPTIMUS 
measures the absorption characteristics of the pa- 
tient and then the computer selects the exact factors 
for an ideal exposure. Factors are selected in discrete 
mA/kV steps. Your technique is always the highest 
mA and the lowest kV. 


In a fraction of a second, all other technical param- 
eters are calculated and set by the generator. You're 
insured perfect results before the cine run starts. 
The measuring shots can be engaged at any time to 
determine optimum technique for any projection. 


Measuring shots drastically reduce the radiation dose 
required by less automated systems to determine 
technique factors. In the time equivalent to one cine 
frame, you know exactly what the results will be. 


Procedure interruptions due to factor adjustment or 
"trial and error test shots'are eliminated. You and the 
technician devote minimum attention to technique 
selection and maximum attention to your patient. 


A New Standard of Image Quality 

The OPTIMUS ' high output permits short exposures 
with low tube tensions. As a result, images are rich in 
contrast and detail. Low kV lets you visualize ex- 
tremely small vessels with unprecedented ease. And 
not only are geometric unsharpness and motion un- 
sharpness both minimized, but the OPTIMUS automat- 
ically weighs one against the other in selecting the 
technique which optimizes image quality. 


From Maximum to Minimum Instantly 

The OPTIMUS' secondary tetrode system switches 
exposures on and off and a/so regulates the kVp level. 
Now it's possible to change technique from maximum 
to minimum instantly. This is the same basic concept 
Philips’ cine pulse has used successfully for the past 
twenty years! 


Full Generator Use 

More than any other system on the market, the 
OPTIMUS gives you the full capability of a generator. 
Over 100 hospitals throughout the world are enjoying 
that OPTIMUS capability right now! It's the product 
of all Philips' experience in both generators and com- 
puter technology...the logical result of progress from 
Philips' cine pulse to automated Modular Genera- 
tors to Anatomically Programmed Radiography. The 
OPTIMUS: it's the most logical choice for you, too. 





PHILIPS 


® TM N. V. Philips of Hollans 



















1 Press one 
d button for 
optimum 
technique 
for every 
exposure. 


A built-in 

memory lets you 
change technique 
and return to 

the initial program 
with no operator 
changes—for (gives 
every patient! PAA% 
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Secondary tetrodes — 
another first from 
Philips... 

20 years ago! 


The OPTIMUS: 
computerized 
because it does 

a job only a 
computer can do! 





For more information, contact 
your Philips' representative. 
Or, call or write: 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avefue, Shelton, Conn. 06484 











Liquid 
Polibar wis 
Super XL 


A Total System 


For double - contrast 
examination of the colon. 


Satisfactory results in the dou- 
ble-contrast examination of the 
colon require special attention to 
two aspects of the procedure. 











First, the barium sulfate formu- 
lation. Our Liquid Polibar (5696 
w/w) is a bubble-free, non-pre- 
cipitating uniform suspension 
formulation ... with proper flow 
and coating characteristics. No 
blending required and once rou- 
tines are established, you can rely 
on its consistency. 


One pedunculated and one smaller sessile polyp at the 
The second concern is with the apex of the sigmond loop. 


proper apparatus. The E-Z-EM Film Courtesy of Richard Palmer Gold M.D. Columbia Presb. Medical Center N.Y 
system is unique in that 1/2" lumen 

tubing attached to the enema bag is 

utilized — for freer, more uniform flow. 

Miller Air Retention Tip, with or without 


optional cuff completes the system. f ) 


A total system for ease of AONTAN E-z-EM 7 Portland Ave. 

A Narr fnnt o results. Westbury, New York 11590 
t ; ; 

or additional literature, write | (516) 333-8230 


. 
International Affiliates: E-Z-EM Rooster B. V. Infirmeriestraat 6-8, Rotterdam 16. Netherlands 
E-Z-EM De Mexico. S A de C V, Calz Azcapotzalco La Villa No 882. Zona Industrial Vallejo. Mexico 16 D F 








Direct magnification 
with the RSI Magnigraphic System provides 
more diagnostic information. 
Adult patient whose chronic leg ulceration presented 
a question of underlying osteomyelitis. Conventional 
radiograph (A) demonstrates thick periosteal new bone 
along shaft of tibia with overlying soft-tissue 
ulceration. Magnification radiograph (B) demonstrates 
fine, spiculated periosteal new bone formation not 
visible on conventional radiograph, extending into 
adjacent soft tissue. The slightly rotated magnification 
view indicates an evolving process and supports a 
diagnosis of active osteomyelitis. 


Technique on (A) Technique on (B) 
60 kV 60 kV 
600 mA 3 mA 
D seconds ] second 
40” SID 24” SID 
Non-screen Rare earth film/ 
film technique screen technique 


The RSI Magnigraphic System 

reveals pathology beyond the imaging capability of 
conventional contact radiography 

brings to light subtle and minute anatomic changes 
resolves marginal, equivocal and nonspecific findings 


substantially reduces quantum mottle and increases 
resolution in magnification radiography using rare earth 
film/screen combinations 
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DISORDER NO. OF CASES NOT HELPFUI 
ARTHRITIS 39 23. ] 
METABOLIC 32 25 
*INFECTION 31 7 
TRAUMA 17 54 
NEOPLASM 86 36 
OTHER 10 40 | 
TOTAL 215 30 | 
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THE RSI MAGNIGRAPHK SYSTEM: 
THE FIRST FULLY INTEGRATED SYSTEM FOR 
DIRECT MAGNIFICATION 


r 


















Produces images of Clinical assessment of 215 skeletal x-ray 
. e examinations—85 of thin body parts and 130 
extremely high resolution, of thick parts—demonstrated that direct mag- 
excellent contrast nification performed with the RSI Magnigraphic 
nd e o e System was helpful in reaching a diagnosis 
and minimum noise in 56% of the cases and essential in 14%. 


Moreover, in evaluating arthritic, metabolic and 

infectious bone disorders, direct mag- 

nification with the RSI System was helpful 

in more than half of the cases, and was | 
considered essential in close to one quarter. * * 


An increasing number of investiga- 
tors are demonstrating that the RSI 
Magnigraphic System produces 
diagnostic images of exceptionally 
high resolution, excellent contrast 
and minimum quantum mottle— 
especially when used with ultra 
high speed rare earth film/screen 


combinations. * Genant HK, et al: Radiology 123: 47-55, April 1977 


[J detection of metabolic, neoplastic rheumatoid arthritis 

and infectious bone disease. For O identification of tiny metaphyseal 
example, the RSI System makes it chip fractures often not evident on 
possible to detect early periosteal and routine radiographs 

cortical changes caused by break- O assessment of patients with facial 
through of bone tumor into soft tissue. trauma before plastic surgery, as well 
[] assessment of subtle resorptive as baseline preoperative evaluations 
changes within the joint in early before orthopedic procedures 


Wide range 
of dinical applications 


The RSI Magnigraphic System has 
the potential to improve detection, 
diagnosis and serial assessment in a 
wide variety of clinical conditions. 
These include: 
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The ideal focal spot 


Instead of the helical filament of con- 
ventional x-ray tubes, the electron 
gun of the RSI Magnigraphic System 
employs a smooth, solid, circular 


cathode which permits precise focus- 


ing of the electron stream down to the 
desired focal spot size. The result is a 
“nominal” focal spot diameter of 0.09 
mm, considerably smaller than the 
smallest focal spot of conventional 
tubes. 

In contrast to conventional tubes 


which suffer significant loss of quality 
at the cathode end of the film, the 
electron optics and 45° target angle of 
the RSI Magnigraphic System main- 
tain essentially uniform image quality 
over the entire image plane. 

The target angle of the anode has 
been set at 45° to maintain the circu- 
lar beam symmetry and virtually 
eliminate the heel effect. There is no 
double peaking and essentially no 
off-focus radiation. The result is an 
image source of near-perfect charac- 
teristics for direct magnification—an 


image source capable of providing 
high-resolution, high-contrast radio- 
graphs of greatly enhanced diag- 
nostic value. 

For complete clinical and technical 
information on the RSI Magnigraphic 
System, write to Radiologic Sciences 
Inc., 2920 Coronado Drive, Santa 
Clara, CA 95051. Or telephone 408- 
247-5180 


RADIOLOGIC SCIENCES INC. 


A SUBSIDIARY OF PFIZER INC. Gu» 


SANTA CLARA. CA. 95051 


ELECTRON GUN OF RSI MAGNIGRAPHIC SYSTEM 


Cathode with 
smooth circular 
emitting surface 
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Hanley Space Saver X-Ray and Medical Record Cabinets 
are installed in most hospitals in America. 


Top quality and low price is the reason. 
5 compartment with doon—$199.50 
5 compartment less doors—$171.50 
Brochure F.O.B. Factory 


AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louis, Mo. 6311! 
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approach to raciography: 





COMPACT systems are tables for all reasons. To provide a new dimension in time-saving, 
efficient effortless radiography. 


Starting with the basic COMPACT table your system can range from the most 
exotic to the most simple. 

Like CGR's new SYNCHROTOME. The industry's first "fulcrum arm free" 
linear tomographic system. It relies on microcomputer electronics, laser beam reference 
calibration and precision high torque stepping motors. No concealed mechanical linkage 
of any kind. All electronic. A revolutionary breakthrough in accurate, economical tomography. 

Combined with a suspension system, the table becomes the 
COMPACT/SUSPENSION UCS. A precise radiographic system compatible with all x-ray 
techniques. It's engineered with the technologist in mind. Instantaneous readout of three 
preselected SIDs. A new versatile selective lock system. 

The COMPACT 5 UT couples table with a sturdy integrated tube stand plus a 
mechanical linear tomographic arm. This arm engages and disengages easily from the front 
for simple conversion from radiography to tomography. It's ideal for routine Bucky. 
table top radiography and wall-mounted Bucky, stretcher and 
wheel chair procedures. 

And finally there's the COMPACT 5 U. Sturdy table and 
floor-mounted tube stand. For most radiographic 
techniques. A simple system that can be converted 
later for tomography. 

The base of the systems is the table. With 
four-way, floating top and a large examining surface. Extended 
longitudinal and transverse movement. And all electrolocks positive 
"deadman' type. Its built-in Bucky has an extremely short table 
top-to-film distance (1.6") for superior film quality. 

COMPACT. The new CGR 
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e XERORADIOGRAPHY: 


By John N. Wolfe, Hutzel Hospital, De- 
troit, Michigan. A radiograph of the 
breast will often exhibit a mass or 
masses in which there are no calcifica- 
tons to aid in the diagnosis. This book 
presents information and graphic mate- 
rial to assist the radiologist in arriving 
at a reasonable differential diagnosis 
when confronted with such images. 


The order of presentation proceeds from 
the obvious malignancies characterized 
by a mass with a well-developed spicu- 
lated margin to the more subtle cir- 
cumscribed carcinomas such as the 
medullary or colloid variety, and fi- 
nally, to the most difficult of all, those 
that do not present as a well-defined 
mass but merely as an area of increased 
density. The section concludes with a 


Uncalcified 


section on malignancies, benign tumors 
are considered in some detail. 


Ihe format of presentation is one of' 


illustration. of the classic type of pa- 
thology followed by examples of varia- 
tions. Cases are shown in which one 
simply cannot arrive at a correct diag- 
nosis. The reader should not be discour- 
aged by this latter category as the vast 
majority of cases can be correctly diag- 
nosed. 


Topics examined include: carcinomas, 


sarcomas, malignancies involving the 
reticuloendothelial system, discrete be- 
nign breast masses, intramammary 
lymph nodes, fibroadenomas, cysts, ab- 
scesses, hematomas, papillomas, fat ne- 


Breast 


Masses e 


The fact that one must not only regard 
the radiographic features of the mass, 
but also its environment and his- 
torical features is stressed repeatedly 
throughout the text. The advisability of 
reexamination after varying intervals is 
discussed, as this is a practice which is 
thought to be of great value, especially 
when one is rather confident that the 
mass represents a cyst, hematoma, or 
breast abcess. 


Medical students, radiology residents 
and all practicing radiologists who 
have, at some time in their careers, en- 
countered problems in the differential 
diagnosis between benign and malig- 
nant breast tumors will find this vol- 
ume to be an invaluable supplement to 


presentation of some less common 


forms of malignancies. Following the — subcutaneous area 


croses, lipomas, galactoceles, skin and 


8. 


standard textbooks on mammographv. 
77, 208 pp. (8 1/2 x 11), 307 1l., $28.00 





“TRAUMA” AND “NO-TRAUMA” OF THE CERVICAL 
SPINE edited by Kenneth R. Kattan, Univ. of Cincinnati Col- 
lege of Medicine, Cincinnati, Ohio. (11 Contributors) All types 
of trauma of the cervical spine and the diseases that lead to 
cervical spine trauma are described in this volume. The au- 
thors deal not only with trauma, but also with how to differen- 
tiate it from other conditions including the normal. The reader 
will find this to be a complete text on the topic of cervical 
spine trauma, ranging from the description and excellent illus- 
trations of the anatomy of the cervical spine to the numerous 
varieties of trauma, their assessment and management. Other 
chapter topics include the roentgenographic follow-up, the 
pediatric patient, and the non-trauma cases. ’75, 328 pp., 292 
al., $24.50 


XERORADIOGRAPHY: Breast Calcifications by John N. 
Wolfe, Hutzel Hospital, Detroit, Michigan. Criteria necessary 
for diagnosing the cause of breast calcification is presented in 
this amply illustrated text. Each illustration is accompanied by 
a discussion which includes history, radiographic observa- 
tions, presentation of diagnosis, and analysis of the case. 
Topics include calcifications associated with malignancies, 
characteristic tumor calcifications of specific forms of malig- 
nancies, calcifications associated with benign conditions, calci- 
fications within lymph nodes, calcifications of the skin and 
areola, arterial calcifications, pseudocalcifications, specimen 
radiography, and problems. 77, 184 pp. (8 1/2 x 11), 284 il., 3 
tables, $22.50 


CORONARY ANGIOGRAPHY (2nd Ptg.) by Harold A. Bal- 
taxe, Cornell Medical College, New York City; Kurt Amplatz, 
Univ. of Minnesota Medical School, Minneapolis; and David 
C. Levin, Cornell Medical College, New York City. This vol- 
ume describes gross and radiographic anatomy of the coronary 
artery tree and provides a description of diverse pathologic 
processes involved. The book is not restricted to atherosclerotic 
coronary artery disease, but also deals with congenital anom- 
alies. Sections are devoted to equipment and techniques of 
catheterization; problems and their order of frequency; and 
postoperative complications due to new surgical procedures. 
Emphasis is placed on visual descriptions. Almost every condi- 
tion is illustrated with radiographs or schematic drawings. ‘76, 
256 pp., 173 1l., $22.50 


ATLAS OF BRAIN ANATOMY FOR C.T. SCANS: Using 
EMI Terminology (2nd Ed.) prepared by Fred C. Shipps, J. 
McAndrew Jones and Anthony D'Agostino, all of Good Sa- 
maritan Hospital and Medical Center, Portland, Oregon. The 
Second Edition of this atlas surpasses the usefulness even of its 
predecessor as a reference in computerized tomography and as 
an instructive tool. The text continues to offer a rapid and 
convenient review of cross-sectional anatomy of the brain as 
found on C.T. scans, but many additions and revisions have 
been made in the text to maintain currentness. New chapters 
are included on the identification of common artifacts; on 
window width, window level, and mu; and on transferring 
C.T. findings to the lateral skull film. A section on skull 
anatomy using the EMItronic Model 5000 Scanner is also pre- 
sented for the first time. 77, 60 pp. (8 1/2 x 11), 82 il., $16.75, 
spiral (paper) 

KINESIOLOGY: Of the Human Body Under Normal and 
Pathological Conditions (5th Ptg.) by Arthur Steindler. This 
comprehensive study of the mechanics of Joint function covers 
four major areas: general kinetics, the trunk and spine, the 
extremities, and the gait. The author emphasizes the clinical 
significance and practical applications of kinetic findings. The 
Journal of Bone and Joint Surgery said, "This is not a book 
that will be out-moded in a few years, but rather it is in itself 
an enure library of the subject of kinesiology and will serve its 
reader through a lifetime. No physician or educator who deals 
with the musculoskeletal system can consider his library com- 
plete without this brilliant treatise.” 77, 736 pp. (6 1/2 x 10), 
655 il., 824.50 

THE HAND ATLAS by Moulton K. Johnson and Myles J. 
Cohen, both of UCLA, Los Angeles. This atlas portrays the 
anatomy of the hand, layer by laver, beginning with the skin 
and ending with x-ray studies of the bones. Photographs of 
dissections of unembalmed specimens provide realistic illustra- 
tions, all of which are approximately life-size, except where 
otherwise indicated. To demonstrate their potential size, the 
major spaces of the hand have been injected with radiopaque 
contrast media. With few exceptions, the anatomical structures 
illustrated are as the authors have found them. Topics include 
the distal volar forearm, palm, thumb, fingers, radial side of 
the hand, dorsum of the hand, spaces of the hand, and wrist 
mechanics. '75, 108 pp. (8 1/2 x 11), 121 il. (8 in color), $22.00 
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PET-TV 
from Diagnostic Information, Inc. 


Diagnostic Information knows that 
there are two major requirements in 
fluoroscopy: a high quality fluoroscopic 
image and lower x-ray dose rates. Our 
new PET-TV gives you both. It gives 
you superb quality diagnostic images 
at a very low dose. With a properly 
filtered x-ray beam, the dose rate at 
the table top averages around 1.5 
R/min. for adult patients. 

The new PET-TV system benefits 
from our original breakthrough in 
image intensifiers: The Panel Electron 
Tube. This revolutionary PET-intensifier 
makes better use of the available x-ray 






photons, just as it does in the PET- 
Scope. We developed our PET-TV by 
adding a high quality TV system with 
a SIT tube in the TV camera. 

The SIT tube is not an untried 
novelty; it’s the tube used in Apollo 
space missions, selected for its out- 
standing reliability and low-light 
performance. 

The PET system gives you clear, 
low-lag and low-noise images at low- 
dose levels. And you still retain the 
option of direct viewing. 

The system adapts to most any spot 
film device; it’s light, maneuverable, 
compact, and generally requires no 
overhead suspension. It’s just what 
you—and your patients—deserve. 


de 
lower dosage. 


Write or phone. We'll be glad to 


supply the details. 


Diagnostic Information Incorporated 
246 Sobrante Way, Sunnyvale, 


California 94086. 
Phone: (408) 736-3500. 
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Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you dont 


With Salpix as your contrast medium, your gynecologic pa- CONTRAST MEDIUM 


tient needn't undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body TRADEMARK 


reactions, yet it provides the viscosity needed for adequate sack ce contains: 
sodium acetrizoate 0.53 g and 


deb olvvinylpyrrolidone 0.23 
Contraindications: Contraindications to hysterosalpingography include the PONVE a, 


presence of severe vaginal or cervical infections, existing or recent pelvic 
infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 
cedure is contraindicated during the immediate pre- or post-menstrual phase. 
Sensitivity Test: If indicated in the patient's history, an intracutaneous skin test 
or sublingual absorption observation may be done with 0.1 cc Salpix. 


Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORA 
a 
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Excellent visualization in intravenous pyelogram 18 hours after administration of 2V2 oz. X-PREP Liquid for 
preradiographic bowel cleansing. (In the files of the Medical Department of The Purdue Frederick Compary.) 


prep the bowel for intravenous pyelography 


REP Liquid 


(standardized extract of senna fruit) 
One step « One dose « One bottle 


O X-PREP Liquid is designed 
specifically for preradiographic 
bowel cleansing — without enemas, 
suppositories or overhydration. 








OA single 212 oz. oral dose is 
usually all that is required. No 
residual oil droplets (such as may 
occur with castor oil). 


LI Pleasant taste meets with high 
patient acceptance. Ease of 
administration is appreciated by 
the patient and nursing staff. 


Gray Pharmaceutical Co., Affiliate ° 
The Purdue Frederick Company 


© COPYRIGHT 1975, GRAY PHARMACEUTICAL CO./ NORWALK, CONN. 06856 A7901 160875 
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— excellent image quality 


-— minimal myocardial toxicity" 
Henografin-76 is eminently suitable as 
a radiopaque agent for coronary angiog- 
raphy. The film quality was good in every 


instance, while serious adverse effects were M 
absent in this series of 723 patients." There coronary arteriography 


was a 176 incidence of complications due 
to the contrast agent (cardiac arrest in 3 
and ventricular fibrillation in 5 cases) and a 
4% incidence of cardiac complications due 
to oatneterization in this series of patients* 
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RENOGRAFIN®-76 
Diatrizoate Meglumine and Diatrizoate Sodium Injection USP 


Renografin-76 (Diatrizoate Meglumine and Diatrizoate Sodium Injection 
SP) is supplied as a sterile, aqueous solution providing 66% diatrizoate 
meglumine and 10% diatrizoate sodium with 0.32% sodium citrate as a buffer 
and 0.04% edetate disodium as a sequestering agent. The solution contains 
approximately 37% (370 mg/ml) bound iodine and approximately 4.48 mg 
(0.19 mEq) sodium per ml (89.6 mg / 20 ml). 


CONTRAINDICATIONS: In patients with a hypersensitivity to salts of diatri- 
zoic acid. Urography contraindicated in patients with anuria. 


WARNINGS: A definite risk exists in the use of intravascular contrast 
agents in patients with multiple myeloma. There has been anuria with 
progressive uremia, renal failure and death. This risk of the procedure in 
these patients is not a contraindication; however, partial dehydration in 
preparation for study is not recommended since it may predispose to 
precipitation of myeloma protein in renal tubules. No therapy, including 
dialysis, has been successful in reversing this effect. Myeloma should 
be considered in persons over 40 before intravascular administration of 
a contrast agent. 

In cases of known or suspected pheochromocytoma, if the physician feels 
that the possible benefits outweigh the considered risks, radiopaque materi- 
als should be administered with extreme caution; however, an absolute min- 
imum of material should be injected, the blood pressure should be assessed 
throughout the procedure, and measures for treating a hypertensive crisis 
should be available. 

Contrast media may promote sickling in homozygous individuals when 
injected I.V. or intra-arterially. Although a history of sensitivity to iodine per se 
or to other contrast media is not an absolute contraindication, administration 
of diatrizoate requires extreme caution in such cases. Perform thyroid func- 
tion tests prior to administration of this preparation since iodine-containing 
contrast agents may alter the test results. 

Weigh the inherent risks against necessity for performing angiocardi- 
ography in cyanotic infants and patients with chronic pulmonary emphy- 
sema. In pediatric angiocardiography, a dose of 10 to 20 ml may be particu- 
larly hazardous in infants weighing less than 7 kg; this risk is probably 
significantly increased if these infants have pre-existing right heart "strain," 
right heart failure, and effectively decreased or obliterated pulmonary vascu- 
lar beds. Perform urography with extreme caution in persons with severe 
concomitant hepatic and renal disease. Perform selective coronary arteri- 
ography only in selected patients and those in whom expected benefits out- 
weigh the procedural risk. Perform selective visceral arteriography with 
extreme caution in presence of severe generalized atherosclerosis, specifi- 
cally with plaques or aneurysms at level of iliac or femoral arteries. 


PRECAUTIONS: Diagnostic procedures involving use of contrast agents 
should be performed under the direction of personnel with prerequisite train- 
ing and a thorough knowledge of the particular procedure (see ADVERSE 
REACTIONS). Severe life-threatening reactions suggest hypersensitivity to 
the contrast agent. A personal or family history of asthma or allergy or a 
history of a previous reaction to a contrast agent warrants special attention 
and may predict more accurately than pretesting the likelihood of a reaction 
although not the type nor severity of the reaction in the individual. The value 
of any pretest is questionable. The pretest most performed is the slow l.V. 
injection of 0.5 to 1.0 ml of the preparation prior to injection of the full dose; 
however, the absence of a reaction to the test dose does not preclude the 
possibility of reaction to the full diagnostic dose. Should the test dose pro- 
duce an untoward response, the necessity for continuing the examination 
should be carefully re-evaluated; if deemed essential, examination should 
proceed with all possible caution. In rare instances, reaction to the test dose 
may be extremely severe; therefore, close observation and facilities for emer- 
gency treatment appear indicated. 

Renal toxicity has been reported in a few patients with liver dysfunction 
who were given oral cholecystographic agents followed by urographic 
agents; therefore, if known or suspected hepatic or biliary disorder exists, 
administration of Renografin-76 (Diatrizoate Meglumine and Diatrizoate So- 
dium Injection USP) should be postponed following the ingestion of chole- 
cystographic agents. Use cautiously in severely debilitated patients and in 
those with marked hypertension. Bear in mind the possibility of thrombosis 
when using percutaneous techniques. Consider the functional ability of the 
kidneys before injecting the contrast agent. Since contrast agents may inter- 
fere with some chemical determinations made on urine specimens, collect 
urine before or two or more days after administration of the contrast agent. 

In excretion urography, adequate visualization may be difficult or impos- 
sible in uremic patients or others with severely impaired renal function (see 
CONTRAINDICATIONS). In aortography repeated intra-aortic injections may 
be hazardous; this also applies to pediatric angiocardiography particularly in 
infants weighing less than 7 kg (see WARNINGS). In peripheral arteri- 
ography, hypotension or moderate decreases in blood pressure seem to 
occur frequently with intra-arterial (brachial) injections; this is transient and 
usually requires no treatment. Monitor blood pressure during the immediate 
10 minutes after injection. It is recommended that selective coronary arteri- 













ography not be performed for about 4 weeks after diagnosis of myocardial 
infarction; mandatory prerequisites to this procedure are experienced per- 
sonnel, ECG monitoring apparatus, and adequate facilities for immediate 
resuscitation and cardioversion. 

Usage in Pregnancy: Use Renografin-76 (Diatrizoate Meglumine and Diatri- 
zoate Sodium Injection USP) in pregnant patients only when the physician 
deems its use essential to the welfare of the patient since safe use during 
pregnancy has not been established. 


ADVERSE REACTIONS: Adverse reactions accompanying intravascular 
use of iodine-containing contrast agents are usually mild and transient al- 
though severe and life-threatening reactions (including fatalities) have oc- 
curred. Because severe reactions to the procedure and/or to the contrast 
agent are possible, appropriate emergency facilities and well-trained person- 
nel should be available and should remain available for 30 to 60 minutes 
following the procedure to treat the reaction since severe delayed reactions 
have been known to occur. 

Nausea, vomiting, flushing, or a generalized feeling of warmth are the 
reactions seen most frequently with intravascular injection. Symptoms which 
may occur are chills, fever, sweating, headache, dizziness, pallor, weakness, 
severe retching and choking, wheezing, a rise or fall in blood pressure, facial 
or conjunctival petechiae, urticaria, pruritus, rash and other eruptions, 
edema, cramps, tremors, itching, sneezing, lacrimation, etc. Antihistaminic 
agents may be of benefit; rarely, such reactions may be severe enough to 
require discontinuation of dosage. There have been a few reports of a burn- 
ing or stinging sensation or numbness, of venospasm or venous pain, and of 
partial collapse of the injected vein. Neutropenia or thrombophlebitis may 


occur. Severe reactions which may require emergency measures are a pos- 


sibility and include cardiovascular reaction characterized by peripheral 
vasodilatation with hypotension and reflex tachycardia, dyspnea, agitation, 
confusion, and cyanosis progressing to unconsciousness. An allergic-like 
reaction ranging from rhinitis or angioneurotic edema to laryngeal or bron- 
chial spasm or anaphylactoid shock may occur. Temporary renal shutdown 
or other nephropathy may occur. 

Adverse reactions as a consequence of excretion urography include car- 
diac arrest, ventricular fibrillation, anaphylaxis with severe asthmatic reac- 
tion, and flushing due to generalized vasodilatation. Risks of aortography 
procedures include injury to aorta and neighboring organs, pleural puncture, 
renal damage (including infarction and acute tubular necrosis with oliguria 
and anuria), accidental selective filling of right renal artery during trans- 
lumbar procedure in presence of pre-existent renal disease, retroperitoneal 
hemorrhage from translumbar approach, spinal cord injury and pathology 
associated with syndrome of transverse myelitis, generalized petechiae, and 
death following hypotension, arrhythmia, and anaphylactoid reactions. In 
pediatric angiocardiography, arrhythmia and death have occurred. During 
peripheral arteriography, hemorrhage from puncture site, thrombosis of the 
vessel, and brachial plexus palsy (following axillary artery injection) have 
occurred. During selective coronary arteriography and selective coronary 
arteriography combined with left ventriculography, transient ECG changes 
(most patients); transient arrhythmias (infrequent); ventricular fibrillation 
(from manipulation of catheter or administration of medium); hypotension; 
chest pain; myocardial infarction; transient elevation of creatinine phos- 
phokinase (occurred in about 30% of patients tested); fatalities have been 
reported. Complications due to the procedure include hemorrhage, throm- 
bosis, pseudoaneurysms at puncture site, dislodgment of arteriosclerotic 
plaques; dissection of coronary vessels and transient sinus arrest have oc- 
curred rarely. Adverse reactions in selective renal arteriography include nau- 
sea, vomiting, hypotension, hypertension, and post-arteriographic transient 
elevations in BUN, serum creatinine and glucose. Complications of selective 
visceral arteriography include hematomas, thrombosis, pseudoaneurysms at 
injection site, dislodgment of arteriosclerotic plaques; other reactions may 
include urticaria, hypotension, hypertension, and insignificant changes in 
renalfunction and liver chemistry tests. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: Available in 20 ml and 50 ml single-dose vials and in 100 


ml and 200 ml single-dose bottles. ©1977 E. R. Squibb & Sons, Inc. H627-503 
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Fleet Barium EnemaPrep Kits 





Make us your 
first choice for fewer retakes. 


The greatest defect in colon examinations is in offers Fleet® Bisacodyl suppository. Prep Kit 2 
the preparation of the colon." offers a large-volume disposable Fleet* Bagen- 
Fleet* Barium Enema Prep Kits systematize ema. And Prep Kit 3 offers our new Fleet* Bisa- 





and improve colon prepping because they con- codyl enema. And all three Prep Kits have easy- 
form to the recommended method which pro- to-follow instructions with a choice of flexible 
vides a combination of diet, hydration and time-tables to fit your schedule. 

proven laxation which stimulates the large and With Fleet Barium Enema Prep Kits, you'll be 


small intestines.? The result? Cleaner colons, 
clearer x-rays and fewer retakes. 

All Fleet Prep Kits offer three laxative 
steps: 112 oz. of Fleet* Phospho; Soda 
followed by four Fleet® Bisacodyl tablets, 
plus a final cleansing 
step. Prep Kit 1 










sure of convenient, depend- 
<- able, effective colon prep- 
" Ding every time. And that's 





Fleet Barium Enema Prep Kits 
P forcieaner colons, clearer x-rays and fewer retakes. 


ps Us E Fleet C.B. Fleet Co., Inc. 
à n 


. 
'Dr. R.E. Miller, Ad Hoc Committee on Detection 
of Cancer of the Colon, Detection of Colon Lesions. 
American College of Radiology, (Chicago. Ill., 1973) p. 76. 
?Dr. WR. Eyler, Ibid. pp. 203, 204. 
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IT TAKES THE RIGHT PEOPLE. - 


Kodak has nearly a century of expertise with radiographic 


imaging products. Your Kodak Technical Sales Representative 
Is your access to everything we know. 


The experts shown above represent the Kodak skills 
that are available to help you in your pursuit of profes- 
sional excellence. 

They range from physical chemists who create the 
various emulsions, chemicals, and films to the quality con- 
trol technicians whose word is law when it comes time to 
release a product to you. 

There are instructors from our comprehensive train- 
ing seminars. There are scientists who spend the years 
looking for new ways to capture energy in the hope of pro- 
viding you a more useful image. There are businessmen 
and women who understand that your profession is also a 
business and must be operated efficiently. 


Your Kodak TSR can call on any ot these experts as 
you work together to solve your problems. 

Kodak offers you the broadest line of films for your 
diagnostic imaging—that is one expression of our commit- 
ment to your profession. But we do not consider our job 
done until you hold in your hand the quality image you 
need. That's why we back our films with so many people 
At Kodak, we understand the importance of total commit- 
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MOTORIZED 
X-RAY 
VIEWER 
48 FILM CAPACITY 


EQUIVALENT OF 6-4 OVER 4 ILLS 


VIEW ANY FILM 
IN 7 SECONDS OR LESS! 


OPTIONAL SHELF OR DESK AVAILABLE 
FEATURES: 


e Specially designed for Radiologists’ offices, smaller hospitals 
and Reading Rooms. 

e Sit and view 48 films without moving from viewer to viewer, or 
handling films in and out of envelopes. 

e Touch control-random access makes any set of films available in 
less than seven seconds. 

e Holds 14 x 17" or any smaller size. Film grips retain smaller 
sizes at top and bottom of each frame. 

e 48 — 14 x 17" film capacity. 
12 — 4 Panel wide frames. Viewed 4 over 4. 

e Lights individually controlled for each viewing area. 
No light spillover between sections. 

e Rugged and compact. 70" wide, 79” high, 22" deep. 
Entire machine can be moved from room to room on casters. 

e Inexpensive; purchase justified where larger capacity machines 
are out of the question. 

e No installation. Roll it in and operate. 

e Attractive modern styling for every decor. 


Made in USA by S & S, who have made more motorized 
viewers than anyone else in the world. Sold by local X-ray 
dealers backed up by S & S parts inventories and experience. 


S. & S. X-RAY PRODUCTS INC. Accessory Catalog 


The Complete Line of on request. 


: SOLD BY LOCAL 
X-Ray Accessories X-RAY DEALERS 


87-93 JAY STREET, BROOKLYN, N.Y. 11201 
Telephone: 212-852-6900 





CHARLES C THOMAS « PUBLISHER 


THE ADULT 
POSTOPERATIVE CHEST 


By Myron Melamed; Florencio A. Hipona, Harvard Medical 
School, Boston; Carlos J. Reynes, Loyola Univ., Maywood, Illi- 
nois; Walter L. Barker, Univ. of Illinois, Chicago; and Santiago 
Paredes, Boston Univ. School of Medicine, Boston. Foreword by 
Hiram T. Langston. This volume does not place its total em- 
phasis on either clinical or radiographic considerations, 
stressing instead a detailed and integrated approach to the entire 
field of thoracic surgery. 


The text offers a method for systematically assessing the ex- 
traneous factors imposed on the x-ray film by the surgical act. 
The authors methodically remove these obfuscations, demon- 
strating how each influences the final result. Through this ana- 
lytic process, contributions by all identifiable factors which 
characterize the postoperative state can be realized. 


Each of the eight chapters approaches one aspect of the postop- 
erative chest: 


General Surgical Considerations contains information on preop- 
erative assessment, specific considerations pertaining to pulmo- 
nary tuberculosis, nontuberculous suppurative lung disease, 
empyema, pulmonary neoplasm and esophageal neoplasm. Spe- 
cific types of surgical procedures, technical considerations and 
postoperative care are also discussed. 

Air-Fluid in the Pleural Space incorporates discussions of the 
absorption of fluids and gases from the pleural space and radio- 
graphic considerations of air-fluid after pulmonary surgery. 
Redistribution of the Lobes After Surgery explores methods for 
identification of new segmental or lobar positions after pulmo- 
nary resections and other considerations. 

Pulmonary Function After Surgery covers postthoracotomy ef- 
fect, function after lobectomy and pneumonectomy, decortica- 
tion, bullous disease of the lungs and nuclear studies. 
Complications discusses soft tissue and musculoskeletal compli- 
cations, pleural and parenchymal complications, and unusual 
fistulas. 

Radiologic Evaluation of the Postoperative Heart encompasses 
the role of cardiovascular radiology and general problems. 
Congenital Cardiovascular Lesions in the Adult is concerned with 
lesions producing systemic to pulmonary shunts, obstructing 
lesions without associated shunting, congenital cyanotic lesions, 
palliative operations and total surgical correction. 

Acquired Cardiovascular Disease includes data on cardiac valve 
lesions and lesions of the thoracic aorta. 


In addition to its basic purpose of analyzing the postoperative 
state of the thoracic surgery patient, this book also offers an 
atlas against which problem pictures can be compared for 
quicker identification. 


The American Journal of Roentgenology said, “This book fills 
a real radiologic gap. ... I strongly recommend this monograph 
for all libraries of radiology and surgery departments. Residents 
should study it for the wealth of illustrative material; any prac- 
ticing radiologist and chest surgeon would be well advised at 
least to leaf through it sometime. Any radiologist who interprets 
postoperative films from a busy cardiothoracic surgical service 
should give serious consideration to purchasing this book for 
his or her personal library." ’77, 396 pp., 578 il., 1 table, $31.50 


Orders with remittance sent, on approval, postpaid 


301-327 EAST LAWRENCE 


SPRINGFIELD: ILLINOIS:62717 
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For Double Contrast Stomachs, Use 


"E-Z-HD 


High Density with High Fluidity 

















Barium Sulfate for Suspension USP 
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NOTE THE ANTRAL POLYP (ARROW) AND THE LACELIKE AREAE GASTRICAE IN THE BODY OF THE STOMACH. 


Double contrast radiography appears to 
offer the potential for significant 
improvements in diagnostic accuracy. 


Double contrast studies of the stomach 
best demonstrate the surface pattern of 
the stomach (areae gastricae). This leads 
to improved detection of superfical 
erosions and ulcers, malignancies, 
polyps and other benign tumors, and 
ulcer scars. 


E-Z-HD barium sulfate provides the basic 
ingredient necessary for good double 
contrast of the stomach. 


The higher the density of the barium 
suspension, the better the coating, 
E-Z-HD allows for the highest density 
suspension of any commercial product 
on the market today: 85% w/w, 250% 
w/v. E-Z-HD achieves this density while 
remaining fluid for ease of administration. 


e High density 

® High fluidity 

e Palatable 

e Unit dose convenience. 
E-Z-HD — The barium for the double 
contrast examination of the stomach 





Film, courtesy of Robert E. Koehler, M.D. Washington University, Dep't. of Radiology, St. Louis, Missouri. and duodenum. 


Optimal Density & Fluidity for the Modern 
Double Contrast Examination of the 
Stomach and Duodenum 


Refrences: 

David W. Gelfand: The Japanese-Style Double Contrast, Exami- 
nation of the Stomach, Gastrointest Radiol. 1, 7-17 (1976) 

Igor Laufer: The Diagnostic Accuracy of Barium Studies of the 


Stomach and Duodenum — Correlation with Endoscopy, 
Radiology 115: 569-573, June 1975 


Roscoe E. Miller: The Air Contrast Stomach Examination: an 
overview. Radiology 117:743-744 Dec. 1975 


a D For Further Information Write: 
E-z-EM / Portland Ave. 

Westbury, New York 11590 
a o] (516) 333-8230 
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Nothing saves time like Polaroid instant photography. 
You can have a fully developed picture for diagnosis from 
your CRT monitor in seconds. 

For sheer convenience, too, there's no better way. You 
don't need developing and printing equipment. You don't 
need a darkroom or chemicals. You don't have to leave the 
patient to process the film. Everything is taken care of by 
the film. When you've paid for the film, you've paid for the 
finished picture. 

Part of our films’ convenience is that you know instantly 
whether the picture you've taken is exactly right for your 
diagnostic needs. If not, you can retake it on-the-spot while 
the patient is still in place. 

Polaroid self-developing films have the sensitivity, 
resolution, exposure latitude and gray scale to deliver 
excellent diagnostic photographs. 

And one more thing — we offer you more than the speed, 
convenience and quality of our films. Our Technical 
Assistance is as close as your telephone. Call us toll free if 
you have any questions or any problems with your 
diagnostic photography. 

We'll help you solve them promptly if not instantly. 


For technical assistance, call toll free: 800-225-1618 (In 
Massachusetts, call collect: 617-547-5177) orwrite: Polaroid 
Corporation, Dept. A384, 575 Technology Square, 
Cambridge, Mass. 02139. 


Polaroid 


Instant films for CRT recording 
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a beautiful view 


Searle's large field of view scintillation 
camera, in its standard configuration, 
is the only instrument of its type which 
allows you to set window width and 
energy level on 3 independent analyz- 
ers for unique isotopes and special 
studies...the only one which lets you 
take full advantage of the diagnostic 
potential in multi-peak nuclides such 
as Gallium 67. This is a great advan- 
tage in soft tissue studies where high 
sensitivity and superior resolution are 
vital. 


LARGE SELECTION OF COLLIMATORS 

To sharpen your images even more, the 
Pho/Gamma LFOV offers a large as- 
sortment of converging and parallel 
hole collimators designed and de- 
veloped by Searle Radiographics. 
There is a significant improvement in 
the resolution of deep-seated struc- 
tures with converging collimation. In 
renal studies, for example, the images 





possess such clarity that it is possible 
to obtain even oblique views of diag- 
nostic quality. Converging collimation 
also brings enhanced sensitivity to the 
imaging of small organs. 


The large field of view with parallel hole 
collimation can simultaneously image 
both kidneys or both lungs. Thus, where 
a standard field of view camera re- 
quires 2 studies, the Pho/Gamma LFOV 
routinely does the job with only one. 


EASE OF OPERATION 

The Pho/Gamma LFOV has eleven fac- 
tory pre-set isotope windows for opera- 
tor convenience. Automatic peaking 
assures remarkable reproducibility 
from study to study and from day to day. 


IMPROVED ELECTRONIC DESIGN 

New ratio correction circuitry allows 
wider window widths, shortens study 
times, reduces motion artifact and in- 
creases patient throughput. Other elec- 
tronic innovations include pulse-pair 
pile-up rejection and event buffering 
circuitry. As a result, the Pho/Gamma 
LFOV is capable of count rates up to 
200,000 cps, which is sufficient for 
even highly specialized techniques 
such as dynamic cardiac studies. 


The introduction of the Pho/Gamma 
LFOV in 1975 was a milestone in 
nuclear imaging. Since then, this ad- 
vanced instrument has earned a repu- 


IMAGING: 
The Living Art 


tation as the finest, most versatile scin- 
tillation camera you can buy. Today, 
clinicians rely on the Pho/Gamma 
LFOV for improved diagnostic clarity, 
shortened study times and greater pa- 
tient comfort in lung, brain, whole body 
bone, renal and abdominal (liver) 
blood flow studies. 


INSTRUMENTATION BACKED BY 
SUPERIOR SERVICE 

Searle Service is one of the largest, 
highly trained Service Organizations in 
the nation. This trained and knowl- 
edgeable group is dedicated to main- 
taining highest quality instrument per- 
formance in your laboratory. 


For more information about the 
Pho/Gamma LFOV system, including 
the unique Micro Dot™ Imager and 
Scintiscan™ Whole Body Table, call 
your Searle representative or write: 
Searle Radiographics, Inc., 2000 Nu- 
clear Drive, Des Plaines, IL 60018. 
Telephone: (312) 298-6600. 


SEARLE 


Searle Radiographics, Inc. 


Subsidiary of G. D. Searle & Co. 


SR 535 


Photo by Milton Goldstein 





Use of this contrast 
medium to enhance CT 
brain scans revealed 
bothan increased 
detectability and an 
improved pathologic 
differentiation 

of many lesions. * 


Scan without contrast 
medium shows a faint 
area of decreased 
density (arrow) in the 
medial aspect of the 
right occipital lobe with 
no accompanying mass 
effect. 


—Identifies lesions not seen on plain CT scans. 


— More specifically defines nature, size and 
behavior of wide variety of lesions visualized 
on plain CT scans. 


— Aids in detection of aneurysms, arteriovenous 
malformations, sites of active infection, and 
in diagnosis of other intracranial pathology. 


—Rules out the presence of tumor in suspicious 
areas which may otherwise not have been 
satisfactorily visualized. 


*Davis KR: Massachusetts General Hospital, Boston, 
MA. Personal communication. 
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Reno-M-DIP 


Diatrizoate Meglumine 
Injection USP 30% 


for enhanced 
CT scanning 
of the brain 
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Reno-M-DIP(Diatrizoate Meglumine Injection USP) for drip infusion 
provides a sterile, aqueous solution of 3096 diatrizoate meglumine 
which contains approximately 1496 (42.3 g per 300 ml) bound iodine 
and 0.04% edetate disodium (sequestering agent). The solution 
contains approximately 0.054 mg (0.002 mEq) sodium per ml 

(16.2 mg/300 ml). 

CONTRAINDICATIONS: Contraindicated in patients hypersensitive 
to salts of diatrizoic acid and in patients with anuria. 

WARNINGS: A definite risk exists in the use of I.V. contrast 
agents in patients with multiple myeloma. There has been anuria 
with progressive uremia, renal failure and death. This risk of the 
procedure in these patients is not a contraindication; however, 
partial dehydration in preparation for study is not recommended 
since it may predispose to precipitation of myeloma protein in 
renal tubules. No therapy, including dialysis, has been successful 
in reversing this effect. Myeloma should be considered in persons 
over 40 before I.V. administration of a contrast agent. 

Incases of knownor suspected pheochromocytoma, if the physician 
feels that the possible benefits outweigh the considered risks, 
radiopaque materials should be administered with extreme caution; 
however, an absolute minimum of material should be injected, the 
blood pressure should be assessed throughout the procedure, and 
measures for treating ahypertensive crisis should be available. 

Contrast media may promote sickling in homozygous individuals 
when injected I.V. or intra-arterially. Use diatrizoate meglumine with 
extreme caution in persons with severe concomitant hepatic and 
renal disease. Perform thyroid function tests prior to administration of 
diatrizoate meglumine since iodine-containing contrast agents may 
alter the test results. Although a history of sensitivity to iodine per se or 
to other contrast media is not an absolute contraindication, 
administration of diatrizoate meglumine requires extreme caution in 
such Cases. 

PRECAUTIONS: Diagnostic procedures involving use of contrast 
agents should be performed under the direction of personnel with 
prerequisite training and a thorough knowledge of the particular 
procedure (see ADVERSE REACTIONS). Severe life-threatening 
reactions suggest hypersensitivity to the contrast agent. A personal or 
family history of asthma or allergy or a history of a previous reaction to 
a contrast agent warrants special attention and may predict more 
accurately than pretesting the likelihood of a reaction although not the 
type nor severity of the reaction in the individual. The value of any 
pretest is questionable. The pretest most performed is the slow l.V. 
injection of 0.5 to 1.0 ml of the preparation prior to injection of the full 
dose; however, the absence of a reaction to the test dose does not 
preclude the possibility of reaction to the full diagnostic dose. Should 
the test dose produce an untoward response, the necessity for 
continuing the examination should be carefully re-evaluated; if 
deemed essential, examination should proceed with all possible 
caution. In rare instances, reaction to the test dose may be extremely 
severe; therefore, close observation and facilities for emergency 
treatment appear indicated. 

Donot exceed recommended rate of infusion. Renal toxicity has 
been reported in a few patients with liver dysfunction who were given 
oral cholecystographic agents followed by urographic agents; 
therefore, if known or suspected hepatic or biliary disorder exists, 
diagnostic infusion studies should be postponed following the recent 
ingestion of cholecystographic agents. The diuretic effect of the drip 
infusion procedure may hinder an assessment of residual urine in the 
bladder. Consider the functional ability of the kidneys before injecting 
diatrizoate meglumine. Adequate visualization may be difficult or 
impossible in uremic patients or others with severely impaired renal 
function. Contrast agents may interfere with some chemical 
determinations made on urine specimens; therefore, collect urine 
before or two or more days after administration of the contrast medium. 

Usage in Pregnancy: This preparation should be used in pregnant 
patients only when the physician deems its use essential to the welfare 
of the patient since safe use during pregnancy has not been 
established. 

ADVERSE REACTIONS: Adverse reactions accompanying l.V. use 
of iodine-containing contrast agents are usually mild and transient 
although severe and life-threatening reactions (including fatalities) 
have occurred. Because severe reactions to the procedure and/or to 
the contrast agent are possible, appropriate emergency facilities and 
well-trained personnel should be available and should remain 
available for 30 to 60 minutes following the procedure to treat the 
reaction since severe delayed reactions have been known to occur. 

Reactions most frequently encountered with contrast agents by 
drip infusion are nausea and urticaria. Chills, metallic taste, vomiting, 
dizziness, a rise or fall in blood pressure, itching, flushing, or 
generalized feeling of warmth, sneezing, etc. may occur and, rarely, 
may be severe enough to require discontinuation of dosage. Severe 

reactions which may require emergency measures include 
cardiovascular reaction characterized by peripheral vasodilatation 
with hypotension and reflex tachycardia, dyspnea, confusion, and 
cyanosis progressing to unconsciousness. An allergic-like reaction 
ranging from rhinitis or angioneurotic edema to laryngeal or bronchial 
spasm or anaphylactoid shock may occur. Temporary renal 
shutdown or other nephropathy may occur. Although local tissue 
tolerance to diatrizoate meglumine is usually good, I.V. injection of the 
medium in a more concentrated formulation has produced a few 
instances of a burning or stinging sensation and of venospasm or 
venous pain. 

For full prescribing information, consult package insert. 
HOW SUPPLIED: Available in single-dose bottles of 300 ml. 


©1977 E. R. Squibb & Sons, Inc. H657-503 
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ROENTGEN RAY SO TY: Seventy-eighth Annual Meeting, September 26- 30, 1977, Boston, Mass. 





 Arteriogram performed with s .  ..  Medi-Tech Occlusion Balloon 
balloon iiia prior to em- | . Catheter OB/7/2/65 (also used 
bolization — | RE oc in X-Ray at left) 


When carrying out therapeutic embolization, the risk that embolic agents will be carried to non-intended 
locations should be considered. 

























REF: Woodside, J.; Schwarz, H.; Bergreen, P.: Peripheral Embolization Complicating Bilateral Renal Infarction With Gelfoam. American 
Journal of Roentgenology: Vol. 126: 1033-1034, 1976. 


Gang, D.L.; Dole, K.R.; Adelman, L.S.: Spinal Cord Infarction Following Therapeutic Renal Artery Embolization. JAMA: VOL. 
237, No. 26, June, 1977. 


Bradley, E.L.; Goldman, M.L.: Gastric Infarction After Therapeutic Embolization. SURGERY: Vol. 79, No. 4, April, 1976. 


With the development of the MEDI-TECH Occlusion Balloon Catheters this risk has been significantly 
reduced. 


MEDI-TECH offers the only balloon catheter available today with a polyethylene catheter body. 
Unlike polyvinyl chloride (PVC) which softens at body temperature, polyethylene retains its torque 
and holds pre-set curves. This enables selective placement of the balloon either with or against the 
blood flow. 


The smooth tip profile and large I.D. (.038" in the 7F) allow percutaneous introduction by Seldinger 
Technique over a .035” guide wire. 


(For more information fill out the coupon below and mail, or call Toll Free 800-225-3238). 
In Massachusetts 617-923-1720. 


CATHETERS AVAILABLE ee 4 


| Div. of Cooper Scientific Corporation 
Balloon |Tip l.D. Usable 
Lumens | Dia. (mm) | (.000") Length (cm) 


372 Main Street * Watertown, Massachusetts 02172 


C] i'd like more information sent 
LJ i'd like a representative to call 





Nani E sr cnt MM. 
Hosp. 
Address 


^ MEME el rT -i 





When 








Is making... not wil] make. 
Thats the difference between a 
commitment and a claim. And 
thats why Pfizer encourages 
questions about our CT scanner. 
We think that when its time to 
compare answers, you'll see the 
difference for yourself 

Prestigious installations. 
Pfizer has over 150 working CT 
sites in the United States and 13 
foreign countries. Our list includes 
installations at University of Colo- 
rado Medical Center, Columbia- 
Presbyterian Medical Center 
Hospital, Johns Hopkins Hospital, 
Michigan State University Hospital, 
University of Minnesota Hospital, 
and Yale-New Haven Hospital. 

Near-perfect service. 

A worldwide network of dedicated, 
experienced service engineers, 


youre making 
of commitment 
know what kind of commitment 


the manufacturer is making. 











each capable of total system main- 
tenance. They've provided a 
documented average uptime 
record of 9696 for installations in 
the U.S. And thats a remarkable 
service record in the CT industry 
Complete product line. 
A full family of scanning equip- 
ment. From the industry's first 
total-body scanner to our bench- 
mark 0200F'S whole-body unit, 
up to the recently announced 
Pfizer/AS&E CT scanner — 
the first high resolution fourth- 
generation scanner. Pfizer now 
offers one of the most complete 
lines of CT scanning equipment in 
the world. Featuring CT images of 
outstanding clarity mobile patient 
handling systems, diagnostic flexi- 
bility and advanced software 
capability every step of the way. 
Pfizer and AS&E. Together. 
Early this year, Pfizer Medical Sys- 


this kind 
you should 











tems, Inc. signed an agreement 
with American Science and En- 
gineering, Inc. Pfizer and AS&E, 
both pioneers in the industry, will 
continue to develop new radiolog- 
ical products, including a revolu- 
tionary cardiac scanner. It was 
Pfizer who developed the first 
whole-body scanning system. It 
was AS&E who first introduced 
fourth-generation geometry, 
acknowledged as the most ad- 
vanced CT technology in the 
world. And together we will con- 
tinue to practice our commitment. 
Not just promise it. 

For more information, write 
Pfizer Medical Systems, Inc., 
Dept. JR, 9052 
Old Annapolis 
Road, Columbia, 
Maryland 21045. prizer MEDICAL SYSTEMS, INC. 





We're leaders. And we can show you why. 


If you have been looking into new 
R/F systems and have the feeling 
you have seen it all before, you just 
haven't looked into Litton. 

We ve changed. 

For years now, Litton has been 
selling good, reliable systems. We've 
minimized modifications in order to 
concentrate our efforts on coming 
out with a truly innovative line of 
systems. 

They are here. Today. 

A complete line of sleek new 
tables and fast, linear-sequence 
generators. Whatever system you ve 
wished for, you can now have... 
designed to 1980 standards, with 
this broad Litton line of radiographic 
components. 


New Litton R/F Systems put you 


Applying biotechnology moved up 
our timetable. 

“Biotechnology” is a discipline 
that says a system should be 
designed from the floor up with the 
needs of the people who use it 
foremost in mind. 

These new 1980 Litton R/F 
systems "clean up" the clutter. 
Tables are less encumbered. Low- 
profiles make it easier for children 
and infirm patients to get on and 
off. Warm rosewood tops make 
them less visually threatening. 

And, biotechnology adds power- 
assist for the operator to make 
movements smooth and easy. 

But, for real efficiency, consider 
what we've done for your generator. 











and your patients a step ahead! 
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For example, linear-sequence 
pushbuttons on our new single- 
phase unit make technique selection 
fast and reduce haste-caused retakes. 
The console almost literally "talks" 
to the operator with clear LED 


displays. Illuminated data eliminates 
confusion in parameter selection. i O n 
Once you've seen the 1980 Litton 


R/F systems, you may never want Med ical Systems 


to look at another 1977 system again. 
Let us show you. 515 E. Touhy Avenue. Des Plaine: nois 6 
Ask your Litton representative 
about delivery information and let 
him present an R/F system that will lechnolog y, resources, people 
put you—and your patients—a step 


ahead, today! committed to mankind’ better health. 
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Red Cross needs individual volun- 
teers, and donors of blood and 
money, by the millions. 

But we need even more help. We 
need the solid support of American 
Business. And we never needed it 
more. 

If your business is already help- 
ing, by organizing blood drives, and 
by supporting payroll deductions— 
either directly for the Red Cross, or 
through the local combined fund 
drive—the whole community owes 
you thanks. And we thank you, too. 

Last year, with help from our 
friends, we offered major aid at over 





our Business 
can be one,too. 





30,000 disasters—from typhoons, to 


local (but just as devastating) house fires. 


We were able to help the elderly 
with practical programs, we helped 
veterans by the hundreds of 
thousands, we taught people by the 
millions to swim or swim better. 
And that’s just the tip of the iceberg. 

Think of America without The 
American Red Cross. 

And you'll know why we need your 
business as a Red Cross Volunteer. In 
your community. And all across 
America. Contact your local Red 
Cross Chapter to see how your com- 
pany can become a volunteer. 


Red Cross. The Good Neighbor. 
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ONE-SEVENTH 
OF YOUR EMPLOYEES 
MAY BE DYING. 
HELP SAVETHEIR LIVES. 





















High Blood Pressure 
is the country's leading 
contributor to stroke, 
heart disease and kidney 
failure. Any of which 
can kill. 

And, frighteningly 
enough, one out of every 
seven of your workers has it. 
And half of them have 
no idea they're walk- 
ing around with this 
time bomb inside them. 

That's because 


, 
n 
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ne 
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there are usually no 
symptoms. The victim 
feels fine. 
Butall the while,the 
time bomb is ticking 
away. 
Until, suddenly, 
it explodes. 
But you can help. By giving your employees 
a chance to check their blood pressure. It takes only 
seconds to measure a person's blood pressure. And it's 
painless. Best of all, your own medicalo Or nursing 
personnel can do the job, E 
simply. 
Whena case of High 
Blood Pressure is detected, 
the employee is then 
referred to a doctor for 
treatment. And treatment 
is usually as simple as tak- ~ 
ing a pill every day. 
To help you imple- 





ment this life-saving 


HIGH BLOOD PRESSURE EDUCATION CAMPAIGN 
BUSINESS PRESS AD NO. HBP - 2475 - 76 — 7” x 10” (110 Screen) 
Volunteer Agency: DKG, Inc. 


PS 


kr 
re 
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program, we have a special kit, "Guidelines for 


High Blood Pressure Control Programs in Business 
and Industry." The kit includes complete instructions 
on screening, publicity, referral, follow-up, education. 
And more. 


Send for your kit today. It may 
be the best thing you've ever 
done for your employees. 

And your company. 







À Public Service of 
this Magazine & 
The Advertising Council 
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| Mail to: 
National High Blood Pressure Education Program 
! 120/80, National Institutes of Health 
! Room 1012—Landow Bldg. 
Bethesda, Md. 20014 
Please send me... . . .  copy(ies) of 
i “Guidelines for High Blood Pressure Control Programs 
! in Business and Industry.” 
l 
| 
| Name 
i 
| 
| Title 
i 
I 
| Company 
I 
l 
| Address 
I 
| City State Zip 
i 
I 
| 
| 
A 
i 
I 
HIGH BLOOD PRESSURE 
LJ = 
I 
! Treat it...and live. 
| 
/—————— a —eeóÁ——sáu er. pnm 
The National High Blood Pressure Education Program, U.S. Department of Health, Education, and Welfar 
. BP-2-76 


Volunteer Coordinator: Sanford Buchsbaum, Revion, Inc. 














D 
P E 


> thie new fil seven important reasons 


5. Easy to teach. Because operation is so 
simple, personnel training time is minimal. 
And because handling is neat, simple, and 
quick, department personne! can easily 
attend to it. 


ni 6. Automatic. The automixer protects against 
o er and fixer replen- .— accidental refills with water alone. An auto- 
| rthe operator—no matic signal tells you when levels are low 


a ers to lift. Dispenser .. 7. Accessible. Outlets on the tanks will 
eats, . accept standard replenisher hoses from any 
processors. 


Ask your Kodak Technical Sales Representa- 
tive to tell you more about the new KODAK 
Automixer. It's the fast, easy, efficient way to 
put KODAK Chemicals to work. Or write: 
Vene. Eastman Kodak Company, Dept. 740-B, 
to 3% minutes, Rochester, New York 14650. 
pressure. E ar faster 
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ATLAS OF BRAIN ANATOMY FOR C.T. SCANS: Using 
EMI Terminology (2nd Ed.) prepared by Fred C. Shipps, J. 
McAndrew Jones and Anthony D'Agostino, all of Good Sa- 
maritan Hospital and Medical Center, Portland, Oregon. The 
Second Edition of this book continues to offer a rapid and 
convenient review of cross-sectional anatomy of the brain as 
found on C.T. scans, but many additions and revisions have 
been made. The identification of common artifacts; window 
width, window level, and mu; transference of C.T. findings to 
the lateral skull film; and a method of clinicopathological 
correlation are covered for the first time. The unique self- 
teaching feature of the original edition, the overlay format, has 
been retained. '77, 60 pp. (8 1/2 x 11), 82 il., $16.75, spiral 
(paper) 

THE FUNDAMENTALS OF X-RAYS AND RADIUM 
PHYSICS (6th Ed.) by Joseph Selman, Tyler Junior College, 
Tyler, Texas. Now in its Sixth Edition, this classic volume has 
again been revised and enlarged to accommodate a constantly 
changing field. The development of new types of intensifying 
screens, both as modifications of existing phosphors and in the 
form of completely new rare earth phosphors, is discussed in 
great detail. Also receiving special attention are the advent of a 
practical 350-kV unit for chest radiography using a field emis- 
sion tube, the Bureau of Radiological Health report on popu- 
lation exposure to x rays in radiography, and the proposed 
new International System of Units (SI). 77, 600 pp., 296 il., 29 
tables, $18.75 


THE CARE AND MANAGEMENT OF THE SICK AND IN- 
COMPETENT PHYSICIAN by Robert C. Green, Jr., George 
J. Carroll and William D. Buxton, all of the Virginia State 
Board of Medicine. This in-depth study details the manage- 
ment, prevention and identification of problems which impair 
the ability of a physician to perform adequately. Initial chap- 
ters outline the demand for professional discipline and meth- 
ods for maintaining professional competence. Specific issues 
are then discussed, with chapters on the physician addicted to 
drugs or alcohol, psychiatric illness and behavioral problems 
among physicians, senility, physical illness, clinical obsoles- 
cence, the legal rights of the sick or incompetent physician, 
and the profession's responsibility toward the impaired physi- 
cian. This timely book will provide an impetus to better man- 
agement of this growing problem. '78, 116 pp., 13 tables, $8.50 


AN ATLAS OF POLYTOME PNEUMOGRAPHY: With Par- 
ticular Reference to the Midline Ventricles of the Brain by 
Taher El Gammal and Marshall B. Allen, Jr., both of Medical 
College of Georgia, Augusta. Assisted by Paul Dyken. This 
atlas presents a large number of studies which supplement the 
study of normal anatomy of the cerebrospinal fluid pathways 
and provide comparison for the identification of abnormal 
structures. Concentration is on the findings of polytome pneu- 
mography but, where possible, correlations are made with an- 
giography, positive contrast ventriculography, and CAT 
examinations. Relative values of these different examinations 
are demonstrated. Topics include normal CSF pathways, 
atrophy, hydrocephalus, intrasellar subarachnoid recess — 
sellar and suprasellar lesions, and metasellar mass lesions — 
herniations. '77, 480 pp. (8 1/2 x 11), 729 il., $39.50 


ROENTGEN EXAMINATIONS IN ACUTE ABDOMINAL 
DISEASES (3rd Ed.) by J. Frimann-Dahl, Ulleval Hospital, 
Oslo, Norway. This widely-respected text discusses such topics 
as diagnosis of lesions, emergencies requiring immediate diag- 
nosis, and the important role of roentgenology in diagnosis 
and treatment. ’74, 632 pp., 614 il. (4 in color), $29.50 
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UNDERSTANDING RADIOGRAPHY by Stephen S. Hiss, 
Atlantic City Medical Center, Atlantic City, New Jersey. This 
detailed book encompasses the vast changes that have recently 
taken place in the field. The descriptive and imaginative 
manner in which it is written and illustrated makes it unusu- 
ally informative and enjoyable to read. Great care has been 
taken to provide a blend of the basic technical factors, their 
relationship to physics, and their applicability to typical situa- 
tions with which the technologist will be confronted. Charac- 
teristics of the radiographic image, film and processing, 
intensifying screens, focal distance, the remnant beam, and 
tomography are among the subjects examined. Hundreds of 
drawings and radiographic reproductions illustrate the con- 
cepts discussed. '78, 376 pp. (6 3/4 x 9 3/4), 365 il., 4 tables, 
$29.50 


AN INTRODUCTION TO THE PHYSICS OF NUCLEAR 
MEDICINE by Paul N. Goodwin, Albert Einstein College of 
Medicine, Bronx, New York, and Dandamudi V. Rao, New 
Jersey Medical School, Newark. The principles and physics of 
nuclear medicine are presented by this book in a simple yet 
comprehensive manner. To aid self-study, problems and mul- 
tiple choice questions are included at the end of each chapter. 


Topics include a review of elementary mathematics, the struc- - 


ture of matter, the nature of radioactivity, nuclear decay pro- 
cesses, the interaction of radium with matter, scintillation 
detectors, scanners, gamma cameras and other imaging devices, 
radionuclides in nuclear medicine, statistics of radiation mea- 
surements, radiation safety, and radiation dosimetry. 77, 164 
pp. (6 3/4 x 9 3/4), 44 iL, 4 tables, $18.50 


ELEMENTS OF RADIATION PROTECTION by Ronald V. 
Scheele and Jack Wakley, both of the Univ. of Virginia School 
of Medicine, Charlottesville. Preliminary chapters deal with 
atomic structure, ionizing radiations, radioactivity, X-rays and 
the interaction of radiation with matter. The mechanisms of 
biological damage and the factors of radiation damage are 
outlined, as are the acute and long-term biological manifesta- 
tions of radiation exposure. Technological developments and 
practical suggestions are presented for reducing the exposure 
of patients, physicians and technologists in diagnostic radi- 
ology, nuclear medicine and radiation therapy. '75, 112 pp., 15 
il., 10 tables, $7.95, paper 


THE HAND ATLAS by Moulton K. Johnson and Myles J. 
Cohen, both of the Univ. of California, Los Angeles. X-ray 
studies on the bones of the hand are an integral part of this 
atlas of the hand. The text covers the distal volar forearm, the 
palm, the thumb, the fingers, the radial side of the hand, the 
dorsum of the hand, the spaces of the hand, and wrist me- 
chanics. 75, 108 pp. (8 1/2 x 11), 121 il. (8 in color), $22.00 


ARTHROGRAPHY OF THE SHOULDER: The Diagnosis 
and Management of the Lesions Visualized by Julius S. 
Neviaser, George Washington Univ. Medical School, Wash- 
ington, D.C. The author of this book emphasizes the minute 
points of technique, illustrates normal arthrograms, and des- 
cribes anatomical variations of a normal shoulder joint. Chap- 
ters present clinical and arthrographic findings with 
explanatory roentgenographic illustrations. Outlines of con- 
servative and operative treatment principles are also presented. 
Case studies highlight specific problems in which a definite 
diagnosis has been made by use of arthrography. 75, 288 pp., 
265 il; $22.50 
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Does your 
million dollar 


radiology facility 
move at the speed of 


your typing pool? 








Meet Biia SIREP... ux 
the reporting system that has 

a 6,500 word vocabulary, 
breezes along at 300 wpm, 

never makes mistakes, 
never takes time off, | 

never goes on strike, and always. 
"anamar to do the nd | 









M 
See ns REPORTING sst. 
SIE 









GICAL REPORT 


€ 
€ 
= € 
€ 
€ 
€ 
€ 


GOUT. UE LLING —— = : 
wr AND 2ND P? Tisi BRIIILIIizYA 
Pat apap EISSEJEREDESEOE RUN 


NUR 
OM 


e$ 














SIREP is the solution to the old problem 
of dictate and wait. 

The radiologist, instead of dictating his 
findings, simply selects words and phrases from 
a comprehensive vocabulary of diagnostic, 
anatomical and pathological terms. Once the 
report is viewed on a monitor screen and 
confirmed by the radiologist, SIREP prints. 
out multiple hard copies in a matter of | 
seconds. 

To make things even easier, preferred. 
wording for routine reports can be programmed 
into SIREP’ s memory-recall bank. 

If you're tired of watching your million - 
dollar X-ray department move at the speed of 
your typing pool, get in touch. We'll send you 


complete information on SIREP, the system 
that takes the delays and expense out of 


radiology reporting. 


Contact your Siemens representative, 
or write to Siemens Corporation, 
Medical Systems Division, 
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1977 Walter B. Cannon Lecture: 


Ulcerative and Granulomatous Colitis 


SHELDON C. SOMMERS' 


Inflammatory bowel disease 
includes several pathologic 
entities, although the term 
generally implies either non- 
specific ulcerative or granu- 
lomatous colitis or ileocoli- 
tis. Before these two condi- 
tions are discussed, four eti- 
ologically specific abnor- 
malities sometimes  con- 
fused with ulcerative colitis 
require comment. 

Ischemic colitis is often 
believed to be ulcerative 
colitis clinically, radiolog- 
ically, and endoscopically. In an extensive form the 
grossly hemorrhagic and partly necrotic mucosa is dis- 
tinctive (fig. 1A). The colon is grossly thickened, partic- 
ularly the submucosa, as pointed out by Morson [1] (fig. 
1B). The thumbprint appearance seen radiologically is 
not as evident pathologically. 

Microscopically, necrosis and ulceration of the mu- 
cosa are present, with submucosal hemorrhage, necro- 
sis, and subsequently fibrosis. Leukocytes are increased 
in the mucosa and submucosa, but their numbers are 
fewer than in genuine inflammation. Small arteries and 
arterioles in the submucosa are abnormally thickened, 
narrowed, and locally nearly occluded by sclerosis. 
Veins may contain thrombi. The appearance at the time 
of biopsy or autopsy is usually that of a healing infarct 
[2] (fig. 1C). There is an analogy in that healing myocar- 
dial infarcts were once called chronic myocarditis. 

Proximal to a colonic stenosis, usually due to carci- 
noma, instances of “ulcerative colitis" have been re- 
ported [3]. The only such cases | have personally ob- 
served have had the gross and microscopic lesions of 
ischemic colitis. Schwartz [4] demonstrated that experi- 
mental intermittent obstruction of the rabbit colon by a 
balloon produced at first temporary and then persistent 
vasospasm, a precursor of ischemic degeneration and 
necrosis. 

Pseudomembranous colitis may also be confused with 
ulcerative colitis. There are patches or sheets of inflam- 
matory exudate attached to the surface of a mucosa 
whose superficial half is locally necrotic (figs. 4 1D and 
1E). Gram staining may show myriads of staphylococci 
in one specific subtype of pseudomembranous colitis 
[5], but more often the etiology is uncertain. After clinda- 
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mycin or lincomycin therapy, the pseudomembranes are 
histologically distinguished by having narrow bases and 
mushroom-shaped spreading surfaces [6, 7]. 

Amebic colitis is probably the most important disease 
to distinguish from ulcerative colitis. Many examinations 
of stool or rectal scrapings may fail to demonstrate 
amebae, and the patient may undergo a colectomy for 
fulminant colitis (fig. 1F). Only after histologic examina- 
tion are the liquefactive type of inflammatory reaction 
and flask shaped ulcers recognized, and when amebae 
are found in the exudate, the correct diagnosis is made 
[B, 9]. Amebic colitis occasionally is associated with 
pseudopolyps or toxic megacolon, features usually at- 
tributed to ulcerative colitis. 

Balantidial colitis has been confused clinically and 
radiologically with ulcerative colitis, and treated by col- 
ectomy. Microscopically some crypts are dilated and 
contain leukocytes, but the process involves the entire 
crypt length and is not confined to the base as in 
ulcerative colitis (fig. 1G). The relatively large balanti- 
dium parasites are found in the crypts. This is said to be 
the rarest human parasitic colitis [10]. 


Ulcerative Colitis 


Ulcerative colitis has a well known gross appearance. 
There is notably extensive ulceration of the mucosa, with 
networks of ulcers that merge into longitudinally ori- 
ented gutterings. Once this ulceration was thought to 
overlie the tenia, but now it is considered to have a 
random pattern. The residual mucosa is swollen, edem- 
atous, and hemorrhagic (fig. 1H). The severe ulceration 
and inflammation involve the mucosa and submucosa, 
but ordinarily spare the muscularis propria and subse- 
rosa, so that externally the specimen may appear normal 
except for loss of the haustrae. In toxic megacolon, 
ulcerative colitis does manifest inflammation and necro- 
sis extending into the muscularis. The consequent loss 
of mechanical stability is responsible for stretching or 
rupture of the colonic wall. 

Microscopically, where the mucosa is lost the raw 
ulcerated surfaces are formed by nonspecific appearing 
granulation tissue with fibrosis. The persistent mucosa 
has reduced numbers of mucous goblet cells, as pointed 
out by Morson [11]. However, cell counts also show 
reduced goblet cells in granulomatous colitis, and the 
difference is not statistically significant. A more distinc- 
tive change in ulcerative colitis is that neutrophils over- 
run the epithelial cells [12] (fig. 1/). According to Mc- 
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Fig. 1.—A, Autopsy specimen of severe ischemic colitis showing necrosis and hemorrhage of rectosigmoid mucosa and thickening of bowel wall. B, 
Ulcerative colitis (left) and ischemic colitis (right). Colonic wall is characteristically thickened in ischemic colitis. C, Histologic characteristics of 
ischemic colitis. Note surface necrosis, hemorrhage and congestion of colonic mucosa, and thickened, narrowed arterial vessels. Fibrosis represents 
healing process. D, Pseudomembranous colitis of idiopathic type. Plaques are scattered through rectosigmoid mucosa. E, Fibrinopurulent plaques 
attached to mucosa, typical of pseudomembranous colitis. Superficial half of mucosa is necrotic. F, Amebic colitis. Severe mucosal ulcerations may be 
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confused clinically with ulcerative colitis. G, Balantidial colitis. Dilated crypts contain neutrophilic exudate and parasites. H, Ulcerative colitis. Note 
mucosal ulcerations and intervening ridges of persistent mucosa. /, Neutrophils permeating crypt epithelium in active ulcerative colitis. J. Crypt abscess 
in center distending the basal epithelium in ulcerative colitis. K, Granulomatous colitis. Note cobblestone-type mucosa, fibrotic thickening of bowel 


wall, and overhanging mesocolic fat. L, Loosely arranged granulomas with giant cells typical of Crohn’s disease. Here they are seen in adventitial 
lymphatics of colonic submucosal blood vessel. 
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Govern [13], this last phenomenon also occurs in shigel- 
losis, and the crypts are typically destroyed from without. 

Pseudopolyps in ulcerative colitis represent persistent 
swollen tags of mucosa that bulge upward from the 
intervening ulcerated mucosa. Histologically they are 
composed of inflamed and edematous mucosa and sub- 
mucosa without regenerative hyperplasia or dysplasia. 
They are subject to necrosis and sloughing, but are 
recognized not to be of dysplastic or precancerous 
significance. 

Crypt abscess is a helpful indicator of ulcerative colitis 
when the other criteria for diagnosis are also present. It 
consists of neutrophils packed into the base of a crypt 
stretching the surrounding epithelium (fig. 1J). Crypt 
abscesses rupture into the submucosa, and dissection 
of the inflammatory exudate between adjacent abscesses 
leads to necrosis and sloughing of the intervening mu- 
cosa with formation of the shallow ulcers typical of 
ulcerative colitis [14]. Bargen [15] reported seeing mu- 
cosal yellow spots on sigmoidoscopy that were evidently 
unruptured crypt abscesses. 

However, crypt abscesses are by no means specific for 
ulcerative colitis. They are also found in granulomatous 
colitis, pellagra, uremia, mercury or zinc poisoning, 
schistosomiasis, secondary syphilitic proctitis, and other 
conditions. Ratzenhofer [16] found a crypt abscess in 
the human embryonic colon adjacent to developing 
lymph follicles that were displacing the epithelium lo- 
cally. Thus crypt abscesses are an ornamental, not an 
essential, attribute for the recognition of ulcerative coli- 
tis. 

Cell counts of crypt epithelium in ulcerative colitis 
have demonstrated more pyknotic and fragmented nu- 
clei than are found in granulomatous colitis or other 
colonic inflammations. Epithelial degeneration is the 
most subtle change observed histologically. Cell counts 
of lamina propria connective tissue cells in ulcerative 
colitis show a statistically significant increase in neutro- 
phils, eosinophils, and plasma cells compared to 
granulomatous colitis, other inflammatory conditions, or 
normal controls. Even when ulcerative colitis appears to 
be in remission clinically and sigmoidoscopically, there 
are increased numbers of lamina propria leukocytes, 
indicating a subclinical acute and chronic inflammation 
(17, 18]. 

There is a statistically significant increase in mast cells 
in the colonic mucosa and submucosa in ulcerative 
colitis, even though in active inflammation they may 
degranulate and become unrecognizable [18]. Properties 
of mast cells include secretion of heparin, histamine, 
and proteolytic enzymes with or without degranulation. 
Also complexes of antigen and immunoglobulin E are 
preferentially attached to mast cell surfaces and then 
released along with chemicals that mediate, exacerbate, 
and prolong the inflammatory reaction [19]. An increase 
in IgE-containing cells was found in biopsies of ulcera- 
tive colitis and proctitis in the only studies so far reported 
[20]. 

Analyses of immunofluorescent plasma cells in the 


mucosa of ulcerative colitis have shown no particular 
change in the IgA and IgM-type plasma cells. IgG-con- 
taining plasma cells located around the crypt bases are 
characteristically increased [21]. It is possible that im- 
mune complexes with IgG and complement, or IgE, 
initiate crypt abscess formation when the complexes 
penetrate the mucosa. 

‘Vasculitis colitis’ is a relatively rare form of ulcerative 
colitis that clinically may present as "colitis gravis" with 
a rapid toxic course leading to colonic perforation and 
death. Grossly there are deep ulcers that reach the 
muscularis, and inflammation permeates much of the 
bowel wall. Microscopically, necrotizing arteritis, with 
inflammation resembling that of periarteritis nodosa or 
hypersensitivity angiitis, is present involving small arter- 
ies, and sometimes also veins, of the colon. This is a 
localized, not a systemic vasculitis [14]. Less than 10% 
of ulcerative colitis cases have such lesions, and the 
condition is uncommon enough that some believe it 
does not exist. 

In ulcerative colitis the presence of arthritis, nephritis, 
hepatitis, uveitis, and pyoderma gangrenosum indicates 
the basic disease process may involve various parts of 
the body. Sclerosing cholangitis and the possible ensu- 
ing bile duct carcinoma are among the more dramatic 
extracolonic accompaniments of chronic ulcerative coli- 
tis [22]. Rebuck skin windows on the forearm with 
nonspecific irritants attract excess numbers of baso- 
philic leukocytes only in individuals with ulcerative colitis 
or interstitial cystitis [23]. 

Carcinoma is an important complication of ulcerative 
colitis, beginning after 8 years or more of clinical disease 
and eventually affecting up to 2096 of patients per decade 
[24]. Carcinoma in ulcerative colitis has four distinctive 
features: (1) a higher frequency of poorly differentiated 
or undifferentiated adenocarcinoma than among ordi- 
nary colonic cancers; (2) nonselective distribution 
throughout the colon, without the predominance in the 
rectosigmoid region observed in other noncolitic can- 
cers; (3) a greater frequency of multiple separate primary 
sites than otherwise expected; (4) gross appearance 
indistinct in many instances, from the nonexophytic 
carcinoma arising from a flat surface or a fibrous steno- 
sis. Thus regional lymph nodes with metastases may be 
the first indication for the pathologist to resample the 
colon in order to locate the primary carcinoma. 

For these reasons carcinoma complicating ulcerative 
colitis generally has a poor prognosis. Attempts are now 
being made to identify precancerous changes in serial 
rectosigmoid or colonoscopic biopsies. Both in active 
and inactive ulcerative colitis, criteria for the recognition 
of dysplasia are presently so uncertain and variable that 
no consensus exists as to the presence and prognosis of 
colonic mucosal atypicality. In England dysplasia is more 
frequently reported than in the United States. An educa- 
tional campaign, diagnostic panels, and a better under- 
standing of what constitute the significant histopatho- 
logic and cytologic criteria will be necessary before the 
diagnosis of colonic precancerous dysplasia achieves 
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scientific and clinically useful status. Lymphoma, includ- 
ing Hodgkin's disease, may also occasionally complicate 
ulcerative colitis [25]. 


Granulomatous Colitis 


Granulomatous colitis, or Crohn's disease of the co- 
lon, is seen much more often now than 30 years ago. 
Regional ileitis and ileocolitis were then the major types 
of Crohn's disease encountered. Grossly, the appear- 
ance of granulomatous colitis may not be very character- 
istic, but when it is the mucosa has a swollen cobble- 
stone appearance with intervening ulcerations, ordinar- 
ily less extensive than found in ulcerative colitis. The 
colonic wall is notably thickened by edema and fibrosis. 
Further, the mesocolic fat is edematous and overhangs 
the bowel excessively (fig. 1K). Both in the small and 
large intestines the essential gross alterations are 
edema, inflammation, and fibrosis that produce an ele- 
phantiasis of the affected bowel [26]. 

Microscopically the mucosal cobblestone appearance 
is due to an irregular edematous swelling of the lamina 
propria. There are lymph follicles in the mucosa and 
submucosa, and inflammatory infiltrates rich in plasma 
cells and lymphocytes. Typically there is more submu- 
cosal than mucosal inflammation. McGovern [27] has 
considered the lymphoid aggregates more characteristic 
of Crohn's disease than any other feature. Morson [11] 
regards disproportionate inflammation, more in the sub- 
mucosa than mucosa, as indicating granulomatous coli- 
tis in rectal biopsies. Also the intermuscular connective 
tissue and subserosa contain foci of lymphocytes and 
plasma cells. 

Lymphangiectasis and fibrosis characteristically in- 
volve the entire bowel wall, including the submucosa, 
intermuscular septa, and subserosa, so that the process 
is both transmural and cicatrizing. In addition the mes- 
entery in Crohn's disease has lymphangiectasis and 
perivascular foci of plasma cells and lymphocytes. Re- 
gional lymph nodes are enlarged. 

Granulomas in Crohn's disease are now found in 60%- 
75% of cases, localized in the affected bowel except for 
1026-1596 that are found only in regional lymph nodes 
[28]. The granulomas in the mucosa, submucosa, mus- 
cularis, subserosa, and mesentery appear to develop in 
and around lymphatics. They appear responsible for the 
lymphatic blockade and intervening lymphangiectasis 
that are major distinctive attributes of Crohn's disease 
[26]. 

The granulomas are composed of closely arranged 
epithelioid macrophages and lack the caseation of tuber- 
culosis, but may have fibrinoid necrosis. They are often 
compared to sarcoid granulomas, but are actually less 
compact, more irregularly arranged, and contain both 
lipid vacuoles and lymphocytes scattered through the 
central portions. Occasionally concentric calcified bod- 
ies and multinucleated giant cells are present (fig. 1L). 

Microgranulomas in Crohn's disease are found partic- 
ularly in rectal biopsies [29]. They are about one-third 
the size of ordinary granulomas and are most often 


localized just beneath the surface epithelium. Their small 
size requires scrutiny of serial sections to find them. 

Aphthous mucosal ulcers in Crohn's disease have 
been studied pathologically and ultrastructurally by 
Rickert and Carter [30] and with double contrast x-rays 
by Laufer [31]. They were localized over mucosal lymph 
follicles, with a streamer of exudate filling the defect. 
These minute ulcers are thought to represent the earliest 
morphologic abnormality discovered in Crohn's disease. 

Corticosteroid therapy affects the histopathology of 
Crohn's disease adversely. There are decreased or ab- 
sent lymph follicles and nodules. Inflammatory infiltrates 
and granulomas are repressed. Only the lymphangiec- 
tasis and fibrosis may remain to indicate Crohn's dis- 
ease. In some series in which it was difficult to distin- 
guish between ulcerative and granulomatous colitis, 
preoperative corticosteroid therapy may have contrib- 
uted to the problem. 

So-called knife-shaped fistulas may develop in Crohn's 
disease and penetrate the bowel wall. In the lower colon 
they may be multiple and join to form a subserosal tract 
parallel to the long axis of the sigmoid, as pointed out by 
Marshak [32]. This almost always accompanies granu- 
lomatous colitis, with a few exceptions that represent 
diverticulitis. Anal fissures, fistulas, and swollen hemor- 
rhoids of a distinctive appearance, called elephant ears 
by Sohn (personal communication), also occur in 
Crohn's disease [33]. 

An unusual case which simulated granulomatous coli- 
tis, with stenosis and localized thickening of the trans- 
verse colon, has been seen. The major abnormality was 
hypertrophic and hyperplastic thickening of the muscu- 
laris mucosae and muscularis propria. Since the patient 
was taking oral contraceptives, this was thought possibly 
to represent an unusual stimulus to smooth muscle 
proliferation, attributable to hormone administration. 

Biopsy studies of the jejunum and rectum in Crohn's 
disease have shown increased mucosal plasma cells, 
[34, 35] larger than the plasma cells in other intestinal 
inflammations [36]. The sigmoidoscopically normal rec- 
tum in Crohn's disease was histologically inflamed in 
almost half the cases, and 30% had recognizable fea- 
tures of this particular disease [37]. Cell counts of rectal 
biopsies in sigmoidoscopically negative patients have 
demonstrated a statistically significant increase in mu- 
cosal macrophages in Crohn's disease [18]. Also, nor- 
mal-appearing duodenal endoscopic biopsies had sig- 
nificantly increased numbers of mucosal macrophages, 
as well as mast cells [38]. Since lesions of Crohn's 
disease are known to occur from mouth to anus, Korelitz 
et al. [38] have suggested it is a disease of the entire 
alimentary tract, and that the most advanced lesions are 
those identified clinically and radiologically. 

Other manifestations of Crohn's disease include syn- 
ovitis, oophoritis and dermatitis [39-41]. Liver granu- 
lomas were found in early studies [26]. Adenocarcinoma 
or lymphoma may develop in Crohn's disease. While no 
longer rare, it is uncertain whether the incidence of 
cancer is increased [42, 43]. 
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TABLE 1 
Pathologic Distinctions between Ulcerative and Granulomatous Colitis 





Feature 


Ulcerative Colitis 





Granulomatous Colitis 








Gross: 
Invaelvament 3.5.56 0665.54 se hbro hn Whole colon Often spares rectum 
MGE coo y redrERE XR UPE RR Diffuse ulcerations Cobblestoned 
EE cone ne dtes d Xs Sota Not thickened Thickened 
Inflammation and fibrosis ........ Mucosa and submucosa Whole wall 
Cu  -WYTTRT TIU T IT Unaltered Edematous 
MOROCCO suxeuétipeeoa er aa Unaltered Overhangs 
LMI BOR iscosciue que E dr Ras May be enlarged Usually enlarged 
Microscopic: 
HIicerallohn cans cicedsaaccacad scan Broad, shallow Creviced 


Crypt epithelium serors osse 


Few goblet cells, overrun 


May be unaltered 


by polymorphonuclear 
leukocytes 


LOrmina DIODPIIB. ioecesixxadatka es 


Increased polymorphonu- 
clear leukocytes, eosin- 


Also increased macro- 
phages 


ophils, plasma cells 


Localized lesions ................ 


Crypt abscesses 


Granulomas 


Erein i e 5 cscs cc kn cere pet Inconspicuous Lymphangiectasis 
LDO TOUICIOS 6686030 vex adeo Not notable Prominent 
Transmural involvement .......... No Yes 

Mesentery and lymph nodes ...... Not involved Involved 


Complications: 
PsaudopolyDS eorr rmn ness 
Toxic dililalloh ...5... oorr 
Knife-shaped fissures and fistulas. No 
COC GOING cca exdash cuted inkata 
Early mucosal lésions .............. 


More common 
More common 


Increased risk 
Increased friability, epi- 
thelial necrosis 


Less common 

Less common 

Yes 

May occur 

Aphthous ulcers, micro- 
granulomas 














The reason for the intestinal macrophage mobilization 
in Crohn's disease is not known. Macrophages are a 
major source of lysozyme. Also macrophage surfaces 
are the sites of interaction of T and B lymphocytes to set 
off the transformation of B cells into immunoglobulin- 
secreting plasma cells. Weigle [44] has pointed out that 
since T cells normally are tolerant to the body's own 
tissues, no B cell transformation with elaboration of 
autoimmune globulins is ordinarily possible. Coliform 
bacterial infections and their lipopolysaccharide (LPS) 
endotoxin, however, effectively bypass the T cell toler- 
ance, since B cells are transformed by LPS and immu- 
noglobulin-mediated autoimmune reactions take place. 
Coliform lipid A antibodies were significantly increased 
in Crohn’s disease but not in ulcerative colitis [45]. 


Etiologic Possibilities 


The etiologies of ulcerative colitis and Crohn's disease 
are at present unknown. Specific infectious agents that 
Supposedly cause one or the other have been discov- 
ered, but none has stood the test of time. Ward [46] 
wrote that it is unlikely the cause of Crohn's disease will 
ever be discovered. 

Ulcerative colitis may result from overreaction by the 
host to a banal environmental stimulus. The pathogen- 
esis includes an exaggeration and prolongation of the 
usual sequential inflammatory reaction, with the partici- 
pation of an increased mast cell population. If the reac- 
tion is truly immunologic, immunoglobulin E (reagin) 
seems most likely to be implicated. Many agents, 
whether an organism or a chemical substance, that 
induce colonic inflammation could initiate the reaction. 


Crohn's disease involves alimentary tract macro- 
phages. Perhaps they may be functionally defective, and 
thus fail to effectively process the material they ordinarily 
ingest, whether an infectious agent or a diet component. 
This is a common cause of granuloma formation. Possi- 
bly the macrophages fail to permit the normal surface 
interaction of T and B lymphocytes, and an autoimmune 
reaction ensues. If so, as mentioned above, coliform 
bacterial endotoxin may be involved. Immunopathologic 
techniques now available await further application to 
investigate the pathogenesis of ulcerative colitis and 
Crohn's disease. 


Conclusions 


Ulcerative colitis is a severe inflammatory process 
typically restricted to the colonic mucosa and submu- 
cosa. A summary of gross and microscopic features is 
given in table 1. Pseudopolyps, toxic megacolon, and 
cancer can complicate ulcerative colitis. Even in clinical 
remission rectal biopsies show significant acute and 
chronic inflammatory leukocytic reactions of the mu- 
cosa, and mast cells are characteristically increased. 

Granulomatous colitis shares with Crohn's disease 
elsewhere the attributes of chronic inflammation, lym- 
phedema, and fibrosis involving the entire bowel wall 
and mesentery (table 1). Granulomas occur in a majority 
of cases, but lymphangiectasis and fibrosis are the basic 
changes that persist after steroid therapy. Fistulas, pe- 
culiar hemorrhoids, and cancer may complicate Crohn's 
disease. Cell counts of the endoscopically normal mu- 
cosa from duodenum and rectum have shown signifi- 
cantly increased mucosal macrophages. Mast cells in 
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ulcerative colitis and macrophages in Crohn's disease 
may contribute to the pathogenesis of the disorders. 
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Chronic Ulcerative Colitis and Colon Cancer: Can Radiographic 
Appearance Predict Survival Patterns? 


E. MEREDITH JAMES' AND HARLEY C. CARLSON' 


Twenty-four patients with chronic ulcerative colitis and 
colon carcinoma who underwent barium enema examination 
prior to the diagnosis of cancer were studied in an attempt to 
correlate the radiographic appearance of the tumors with their 
biologic behavior, as well as to assess the accuracy of the 
barium enema in detection. Of the radiographically detected 
tumors, 65% displayed an annular infiltrative appearance, 
with the prime radiographic manifestation being relative non- 
distensibility of the involved segment. The remaining tumors 
had various appearances more typical of noncolitic colon 
cancer. Patients with infiltrative lesions had a much poorer 
prognosis than those with noninfiltrative lesions. Of 33 gross 
tumors described pathologically and/or surgically, only 70% 
were correctly detected by barium enema. It is suggested that 
periodic barium enema examinations are an unreliable means 
of following patients with ulcerative colitis if malignant degen- 
eration is to be detected at an early and curative stage. 
Prophylactic proctocolectomy may be the best therapeutic 
approach. 


Carcinoma of the colon is a significant complication of 
chronic ulcerative colitis. In fact, the increased risk of 
developing colon cancer seems to be directly related to 
the length of time a patient has had chronic ulcerative 
colitis, at least after the first 10 years of clinical disease 
[1-3]. Therefore, the management of such patients must 
include periodic checks to detect colon malignancy 
(assuming prophylactic proctocolectomy is not per- 
formed); the diagnostic test most commonly used for 
this purpose is the standard barium enema. 
Unfortunately, there can be considerable difficulty in 
trying to detect a malignant tumor in a colon which is 
often already badly distorted by the underlying inflam- 
matory bowel disease. In addition, these neoplasms 
often have an atypical gross appearance [4, 5], with 
infiltrative rather than polypoid growth; this also makes 
radiographic detection difficult. All too often, by the time 
the cancer is detected, it has advanced to a.stage where 
curative treatment is no longer possible. This study was 
undertaken to examine the accuracy of the barium 
enema in detecting colon cancer arising in chronic 
ulcerative colitis and to correlate the radiographic ap- 
pearance of the tumors with their biologic behavior. 


Subjects and Methods 


Seven females and 17 males were studied. They represent all 
patients with chronic ulcerative colitis seen at the Mayo Clinic 
from 1967 through 1976 in whom carcinoma of the colon was 
newly diagnosed; all had undergone barium enema examina- 
tion within several weeks prior to the diagnosis of cancer. Clin- 
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ical records and barium enema studies (including any available 
previous colon studies) were reviewed, and follow-up letters 
were sent to patients whose records were not current. The 
standard barium study in all cases was a single contrast enema, 
with emphasis on the fluoroscopic portion of the examination. 
Spot films were obtained as needed, and a routine series of 
prone and supine postevacuation films was obtained. In some 
cases a film was taken while the colon was still filled with 
barium. 

Particular attention was paid to the surgical and pathologic 
records in order to determine the total number of colon tumors 
in each patient. Radiographs were reviewed to determine the 
number of tumors detected radiographically, the number over- 
looked, and those falsely identified as malignant or suspicious 
for malignancy. Tumors correctly detected on barium studies 
were then classified according to radiographic appearances 
using descriptive morphologic terms (e.g.. annular, polypoid, 
infiltrative, or villous) to define each category. Finally, an 
attempt was made to correlate the resulting categories with the 
histologic grade of the tumor and patient survival. 


Results 


Most patients underwent extensive colon resection; in 
21 of the 24 patients, all or almost all of the colon was 
available for pathologic examination (table 1). In these 
specimens the pathologists described 30 separate malig- 
nant lesions; all were visible grossly, the smallest being 
about 5 mm. Three of these lesions (all small) contained 
in situ carcinoma only. In addition, two patients had 
multiple areas of in situ carcinoma in addition to their 
gross tumor, so a total of five patients had one or more 
in situ carcinomas. The remaining three patients under- 
went less extensive surgery; in each case the surgeon 
was able to grossly detect only a single tumor. Thus 33 
grossly visible tumors were described pathologically 
and/or surgically; it was felt all would have been poten- 
tially detectable by a careful barium enema examination. 

Of these 33 tumors, 23 (70%) were correctly detected 
by barium enema. Ten lesions (30%) were missed, but 
most of these occurred in patients in whom a second 
lesion was correctly detected; thus in only four patients 
was no lesion at all detected. Since all of the patients 
came to surgery or autopsy, and most of them directly 
because of the barium enema findings, a true error rate 
cannot be derived. There were, of course, an unknown 
number of patients with chronic ulcerative colitis studied 
during this period in whom no tumor was found and who 
were therefore lost to follow-up. Some may well have 
had tumors that were missed. Six lesions reported as at 
least suspicious for malignancy were subsequently 
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TABLE 1 
Sources of Pathologic Material 





No. 
No. 

Source Patients Á— 
Proctocolectomy .......... 14 18 
COlectomw  iiuuesosueuk cam 6 11 
PULODEN - Soocver cse kk 1 1 

SUDIRA a ee 21 30* 
BIODIV only Locust bb cus 1 1 
Exploration, no biopsy .... 1 1 
Local excision ............ 1 

TOI, EEE Y xwa 24 33 


* Three were in situ carcinoma only. 


proved benign. All of these were colonic strictures (fig. 
1). 
The 23 tumors correctly detected by barium enema 
examination were felt to display four distinctive radio- 
graphic appearances: (1) annular, infiltrative; (2) nodular 
or polypoid; (3) annular, bulky; and (4) villous. The 
majority (15, 65%) had an annular, infiltrative appear- 
ance; that is, the margins of the tumor were tapered 
rather than abrupt, the tumor grew primarily along the 
bowel wall and into adjacent tissues rather than intralu- 
minally, and there was some degree of circumferential 
narrowing of the bowel lumen (fig. 2). These lesions can 
mimic benign strictures. Five tumors had a nodular or 
polypoid appearance (fig. 3), and, interestingly, only two 
had the classic annular and bulky (apple core) appear- 
ance of ordinary noncolitic colon cancer (fig. 4). A single 
tumor had a villous appearance (fig. 5). Because most of 
the tumors were annular and infiltrative, the remaining 
three types were combined into a single noninfiltrative 
category to facilitate data analysis. 

The radiographic appearance of the tumors was cor- 
related with histologic grade. Of the 15 annular infiltra- 
tive tumors, most were of high grade (grade 4, five 
tumors; grade 3, four tumors; grade 2, five tumors; one 
tumor not biopsied). The eight noninfiltrative tumors 
were almost exclusively of low grade (grades 1 and 2, 
three tumors each; grade 4, two tumors). 

Survival data were obtained for all 24 patients. Of the 
21 patients followed for at least 5 years, nine (43%) are 
alive and show no evidence of disease. Two patients are 
alive at less than 1 year, one well and one with tumor, 
and one patient is alive and well at 1-2 years. A single 
patient died of complications following colectomy. Of 
the 11 patients (5296) who died from their cancer, 10 died 
within 1 year of diagnosis and one after 4-5 years. Such 
a rapid demise in patients with colitic cancer is in 
marked contrast to the course of patients with ordinary, 
noncolitic colon cancer; deaths in such patients tend to 
be distributed over several years [6]. 

The survival of the patients according to radiographic 
appearance of the tumor (or tumors) was recorded (table 
2).In patients with only the annular infiltrative tumor, the 
5 year survival rate was 33%, while 58% died from the 
cancer. On the other hand, all qf the patients with only a 
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noninfiltrative tumor are still alive, although most have 
not yet been followed for 5 years. Of the three patients 
with both types of tumor, two have died. These figures 
demonstrate that prognosis is generally poor for patients 
with annular infiltrative tumors. Overall, nine of the 15 
patients with such a lesion (6096) died of their cancer, 
five (32%) have survived for at least 5 years, and one 
died of postoperative complications. 


Discussion 


Hodgson and Sauer [7] pointed out that the radio- 
graphic appearance of colon cancers arising in chronic 
ulcerative colitis is frequently atypical, at least compared 
to ordinary noncolitic colon cancer. These cancers can 
mimic benign strictures, which no doubt accounts for 
the relatively high number of false positive diagnoses in 
this series. However, the classic benign-appearing stric- 
ture represents only the extreme of what we call the 
annular infiltrative lesion. In fact, this type of tumor 
displays a spectrum of radiographic appearances, from 
a tight stricture with tapered ends (fig. 6) to a minimally 
narrowed, somewhat asymmetric segment of colon (fig. 
7). These lesions all share a common cardinal character- 
istic: a segment of colon with decreased distensibility. 
While the extent of narrowing may vary, in all instances 
the infiltrative tumor produces a segment of colon which, 
when filled with barium, lacks the distensibility of the 
adjacent segments. 

Thus films taken while the colon is still filled with 
barium are extremely important. Four of our cases who 
had at least one barium enema examination a year or 
more before the carcinoma was diagnosed demonstrated 
that some of these tumors do indeed produce subtle 
radiographic changes. In each case the tumor had been 
missed on at least one previous study (fig. 8). In retro- 
spect, the only radiographic abnormality was a slight 
narrowing of the barium column, indicating a loss of dis- 
tensibility in the involved segment. Had the radiologist 
been sensitive to such changes as an indicator of pos- 
sible malignancy, these cancers might not have been 
overlooked on the earlier examinations. 

Unfortunately, such areas of nondistensibility may be 
produced by benign processes related to the underlying 
inflammatory bowel disease. Nevertheless, since 65% of 
the radiographically detected carcinomas in this series 
had an annular infiltrative appearance, it would seem 
that the prime radiographic feature of cancer arising in 
chronic ulcerative colitis is the lack of distensibility of 
the involved segment. The "apple core" appearance and 
"overhanging edge," considered the typical radio- 
graphic features of ordinary noncolitic colon cancer, are 
present in only the minority of colitic cancers. Therefore, 
although not diagnostic of carcinoma, the finding of 
even a minimally narrowed length of colon in a patient 
with ulcerative colitis should be regarded as highly 
suspicious for malignancy. 

Previous studies [3, 5, 8] have generally reported low 5 
year survival rates for patients with chronic ulcerative 
colitis and colon carcinoma. Certainly, the 43% overall 5 
year survival rate among our patients is not particularly 
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Fig. 1.—33-year-old male with chronic ulcerative colitis for 15 
years. Strictures detected in rectum (A and B), descending colon (A 
and C), and ascending colon (A and D). At proctocolectomy, stricture 
in ascending colon contained grade 2 adenocarcinoma; other two 
strictures were benign. Note rather irregular surface of benign de- 
scending colonic stricture (C) and relatively smooth surface of malig- 


nant ascending colonic stricture (D). 


encouraging. However, of more significance is the cor- 
relation between patient survival and the radiographic 
appearance of the tumors. Our data indicate that annular 
infiltrative tumors occur more frequently than noninfil- 
trative tumors and are more aggressive and lethal. Only 
33% of the patients with an annular infiltrative lesion 
survived 5 or more years, while all of the patients with a 
noninfiltrative tumor are still alive (less than 5 year 
follow-up in most cases). The lethal nature of the infiltra- 
tive tumors is underscored by the fact that all but one 
death occurred within 1 year of diagnosis. It is significant 
that most infiltrative tumors were of high histologic 
grade, while most noninfiltrative tumors were of low 
grade. 

One of the most disheartening aspects of our data was 
the relatively poor performance of the barium enema in 
detecting colitic carcinomas; only 70% of the tumors 
were correctly identified. In 1965, Lauer et al. [9] re- 
ported a 95% accuracy rate in detecting ordinary colon 
cancer with the barium enema. Although their series was 
much larger than ours, the technique of barium enema 
examination was essentially the same, except that a 
greater number of filled films were obtained on patients 


with chronic ulcerative colitis. If, then, a difference in the 
accuracy of the barium enema in detecting colitic versus 
noncolitic cancer does exist, what are the reasons? 
Because the colon is often distorted by the underlying 
inflammatory disease, the presence of a carcinoma may 
not be as obvious as when the colon is otherwise nor- 
mal. Such an explanation is attractive but would be diffi- 
cult to prove. An additional explanation may be the 
"atypical" appearance of the tumors. Since most tumors 
had a radiographic appearance unlike ordinary colon 
cancers, some might be overlooked precisely because of 
their atypicality. In addition, because these tumors tend 
to grow along the bowel wall and invade adjacent tis- 
sues rather than growing intraluminally as most ordinary 
colon cancers, their effect on the barium column is not 
apt to be as striking, a property which would also make 
them more easily missed. 

The dilemma facing physicians involved in the man- 
agement of patients with chronic ulcerative colitis seems 
clear: while the risk of developing colon cancer contin- 
ually increases after a patient has had colitis for 10 years. 
the chances of detecting it by means of a barium enema 
examination remain mediocre at best. Furthermore, the 
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Fig. 2.—Annular infiltrative tumor in 42-year-old male with . ww 
chronic ulcerative colitis for 21 years. Histology showed grade 3 " 
adenocarcinoma. LÍ 


Fig. 4.—Annular bulky tumor in 36-year-old male with chronic 
ulcerative colitis for 20 years. Typical ‘‘apple-core”’ lesion, char- 
acteristic of ordinary noncolitic colon cancer. Histology showed 
grade 1 adenocarcinoma. 





Fig. 3.—Polypoid tumor in ascending colon of 25-year-old 
patient with chronic ulcerative colitis for 11 years. Lesion proved 
to be grade 4 adenocarcinoma. 


tumors most difficult to detect by barium enema are the 
most lethal. Such considerations should generate care- 
ful reconsideration of the role of barium enema exami- 
nation in the long term management of patients with 
chronic ulcerative colitis. The low survival rate of the | ! | 
patients in this study, the relatively frequent occurrence —— qu Sitio qur So years. Vilcos monona with grade © adenocar 
of in situ carcinoma in their colons, and the disappoint- cinoma in center. 
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TABLE 2 
Radiographic Appearance and Patient Survival 





Alive Dead 


Appearance Other Total 


« 5yr z5yr Cancer Causas 


Annular infiltrative ....... 4 (33) 7080) 108) 12 
Noninfiltrative ..... 3 (60) 2 (40) TT "T 5 


Both types together ...... 1 (33) 


Note.— Numbers in parentheses are percentages. 


2(6) ... 3 


Fig. 6.—Annular infiltrative 
tumor in ascending colon of 51- 
year-old male with chronic ulcer- 
ative colitis for 14 years. At proc- 
tocolectomy, tight stricture con- 
tained grade 4 adenocarcinoma. 
Patient died 11 months later. 





ing record of the barium enema in detecting the tumors 
all strongly suggest that prophylactic proctocolectomy 
may be the best treatment for patients with chronic 
ulcerative colitis who have entered the high risk period. 
Understandably, this approach often has poor patient 
acceptance, especially among those relatively asympto- 
matic from the inflammatory bowel disease. Neverthe- 
less, to rely on the barium enema to detect malignant 
degeneration in these patients (at least above the proc- 
toscopic level) is to invite tragedy. 

Despite the risks involved, the barium enema will 
undoubtedly continue to be the screening examination 
for detection of malignancy in patients with chronic 
ulcerative colitis. Therefore, efforts should be made to 
improve the diagnostic accuracy of the examination, so 
that more of these deadly cancers can be detected and at 
an earlier stage. Hopefully, Knowledge of some of the 
problems involved in the radiographic detection of coli- 
tic cancers will improve results. Specifically, a set of vis- 
ual cues different from those used for ordinary colon 
cancer must be employed. Instead of looking only for 
"apple cores" and filling defects, the relative distensi- 
bility of each segment of colon should be evaluated both 
during fluoroscopy and when the films are interpreted. 
The series must include one film taken when the colon 
is filled with barium. 

The double contrast colon examination might enhance 
the sensitivity of the study and help to differentiate 
benign from malignant stricture. We have not yet had 
sufficient experience with this technique in patients with 
chronic ulcerative colitis. In any case, if prophylactic 
proctocolectomy does not become a widely used treat- 
ment, then part of the responsibility for long term man- 
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Fig. 7.— 36-year-old male with chronic ulcerative colitis for 18 years and recent pulmonary emboli. A, Subtle area of asymmetric narrowing at hepatic 


flexure. No definite radiographic evidence of colitis, but typical changes were documented on barium enemas and proctoscopic examinations done 
years earlier. B, Postevacuation film showing loss of mucosal pattern (arrows) through area in question. C, Colon examination 5 years earlier showing 
normal distensibility of segment in question. Abdominal exploration revealed unresectable grade 3 adenocarcinoma. Tumor formed large, almost 


entirely extramucosal mass. Patient died within 1 month. 
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agement will remain with the radiologist. Every effort 
must be made to detect these lesions as early as possi- 
ble. 
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High Density, Low Viscosity Barium for Fine Mucosal Detail on Double- 
Contrast Upper Gastrointestinal Examinations 


DAVID W. GELFAND' 


A high density, low viscosity barium suspension was devel- 
oped to maximize demonstration of very small mucosal details 
on double-contrast upper gastrointestinal examinations. The 
suspension is capable of 250% wt/vol densities without me- 
chanical mixing, while retaining a low viscosity. In vitro tests 
showed the material to be superior to suspensions of greater 
viscosity and/or more moderate density in demonstrating fine 
surface detail. Clinical experience with more than 3,000 ex- 
aminations with the 25096 wt/vol barium suspension has 
shown the material to be capable of demonstrating areae 
gastricae or similar fine nodular patterns in approximately 
70% of studies. 


Although evidence suggests considerable accuracy on 
double-contrast upper gastrointestinal studies in the 
diagnosis of ulcers and neoplasm [1-4], these studies 
may be of most benefit in the detection of finer structural 
changes such as gastric erosions [5, 6], ulcer scars [3]. 
gastritis and intestinal metaplasia [7, 8], and in the 
evaluation of early malignant lesions [8]. A high density, 
low viscosity barium suspension is described that was 
specifically created to maximize demonstration of very 
small mucosal details on double-contrast upper gas- 
trointestinal examinations. Although a particular prepa- 
ration is described, the underlying principles are thought 
to be generally applicable. 


Materials and Methods 


To achieve a high barium density with low viscosity, a barium 
sulphate suspension was formulated utilizing a significant por- 
tion of large particles, up to 20 um, increasing potential packing 
density and lowering viscosity by decreasing the relative amount 
of water adsorbed onto the surface of the barium sulphate 
particles. A low molecular weight dispersant in the form of 
sodium citrate was included. Viscosity-elevating suspending 
agents such as methylcellulose derivatives and gums were 
omitted. Dimethylpolysiloxane was added as an antifoaming 
agent and sorbitol as a stabilizer. The resulting barium suspen- 
sion was capable of 25096 wt/vol densities without mechanical 
mixing, while retaining a low viscosity. The suspension also 
contained sufficient unbound water to allow miscibility with 
gastric secretions and to quickly dissolve any necessary gas- 
producing agents directly in the barium suspension. A barium 
sulfate suspension incorporating most of these components 
and principles is now commercially available (HD, E-Z EM 
Corp., Westbury, N.Y .). 

In vitro tests were performed to determine whether high 
density, low viscosity suspensions would be superior to suspen- 
sions of greater viscosity and/or more moderate density in 
demonstrating fine surface detail. In these tests, a number of 
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embossed materials were pour-coated with the following test 
barium suspensions and then radiographed. 

HD. 250% wt/vol, kinematic viscosity of 25 sec in a no. 4 Ford 
cup* (E-Z EM Corp., Westbury, N.Y .). 

HD-200. 200% wt/vol, kinematic viscosity of 22 sec in a no. 4 
Ford cup (Lafayette Pharmacal, Lafayette, Ind.). 

HD-85. 85% wt/vol, kinematic viscosity of 85 sec in a no. 4 
Ford cup (Lafayette Pharmacal, Lafayette, Ind.). 

Barosperse. 12096 wt/vol, kinematic viscosity of 11 sec in a 
no. 4 Ford cup (Mallinckrodt Chemical Works, St. Louis, Mo .). 


Results 


Results validated initial assumptions, indicating that 
definition of small surface irregularities was directly 
related to barium concentration and inversely related to 
viscosity, which in turn largely determines film thickness. 
Radiographs of a pebblelike surface with 1.5-2.0 mm 
diameter rounded elevations demarcated by grooves 
approximately 0.5 mm wide and 0.3-0.4 mm deep (a 
football segment) showed greater contrast when coated 
by the high density, more fluid material (HD) compared 
to the less dense, more viscous HD-85 suspension (fig. 1). 
The latter is commonly used for double-contrast colon ex- 
aminations. These two preparations represent the ex- 
tremes of the density-viscosity relationship among prod- 
ucts commonly used in the United States for double- 
contrast examinations. 

Clinical experience with more than 3,000 examinations 
with the 250% wt/vol barium suspension has shown the 
material to be capable of demonstrating areae gastricae 
or similar fine nodular patterns in approximately 7096 of 
studies (fig. 2). However, these results may have been 
influenced by several favorable factors including experi- 
enced examiners, availability of appropriate gas-produc- 
ing agents [2, 9], and use of high quality x-ray units. 


Discussion 


The impetus for developing this barium suspension 
originated with a commercial request of Japanese origin 
for a material capable of routinely demonstrating the 
areae gastricae on double-contrast examinations of the 
stomach. Carcinoma of the stomach is very common in 
Japan and tends to be found in conjunction with atrophic 
gastritis and gastric metaplasia. Recently there have 
been indications that atrophic gastritis, gastric metapla- 
sia, and the earliest flat-type carcinomas may manifest 
themselves radiographically as changes in the fine relief 
or areae gastricae [7, 8]. Radiographic demonstration of 
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Fig. 1.—Segment of football pour-coated with barium suspensions, 
allowed to drain 30 sec, and radiographed. A, 25096 wt/vol low viscosity 
barium suspension showing pebbled surface elevations with greater 
clarity. B, 8596 wt/vol high viscosity barium suspension. Preparations 
represent extremes of density-viscosity relationship in currently available 
barium suspensions designed primarily for double-contrast examina- 
tions. Exposure data: 115 cm source-image distance, 0.6 mm focal spot, 
12:1 moving grid, Par Speed screens and film, 100 kVp, test object at 
tabletop, no added scattering medium. 


these changes has depended on techniques. materials. 
and skills which cannot be duplicated by most physi- 
cians, although the changes have been shown on speci- 
men radiographs with magnification techniques [8]. Our 
results with the high density. low viscosity suspensions 
suggest that it may be possible to demonstrate the areae 
gastricae with a technique requiring neither extraordi- 
nary skills nor exotic machinery. 

Figure 3 demonstrates the theoretical basis for using a 
very high density. low viscosity barium suspension to 
maximize mucosal detail on double-contrast studies. A 
thick. viscous film of barium suspension may partially 
obscure a fine mucosal pattern whose surface irregular- 
ities are not sufficient to displace a significant amount of 
the overlying suspension. A low viscosity. thinly coating 
suspension is better able to assume the minimally de- 
tectable unevenness of fine irregularities of the mucosal 
surface. A very high density suspension simply maxi- 
mizes intrinsic radiographic contrast. increasing the like- 
lihood that any nonuniformity imparted to the film of 
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Fig. 2.— Magnified view of stomach with slightly prominent areae 
gastricae demonstrating nodular elevations averaging slightly less than 2 
mm diameter. Exposure data: 150 ml of 250% wt/vol barium sulfate 
suspension, 360 ml added gas, no hypotonic drugs, 115 cm SID, 1.3 mm 
focal spot, 12:1 moving grid, Par Speed screens and film, 100 kVp. 
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Fig. 3.—Diagram illustrating greater surface detail obtainable with 
high density, low viscosity barium sulphate suspension. A, With thin, 
dense coating, small surface contours impart easily detectable irregular- 
ity. B, Thick coating of high viscosity, low density suspension partially 
obscures structural details whose depth is considerably less than coating 
thickness. 








barium suspension will be detectable after degradation 
of the radiographic image by such factors as overlying 
tissue shadows. scattered radiation, focal spot penum- 
bra, motion. and quantum mottle. 

A trend toward increasingly high density barium sul- 
fate suspensions for double-contrast upper gastrointes- 
tinal examinations is apparant. In recent publications 
densities range from 85%-250% wt/vol. Japanese and 
European authors seem to favor densities in the lower half 
of that range, while American and Australian radiologists 
favor the higher densities [2, 6, 10-14]. In the United 
States, in particular, the two currently distributed barium 
suspensions specifically designed for double contrast 
upper gastrointestinal studies (HD and HD-200) carry 
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instructions for use at approximately 250% and 200% 
wt/vol, respectively. 

Although clinical and experimental results indicate 
that very high density, low viscosity barium suspensions 
may be capable of routinely imaging very fine mucosal 
surface detail, it cannot be assumed that the overall 
accuracy of an upper gastrointestinal examination will 
necessarily be increased. Because of the great density of 
these barium suspensions, the compression and palpa- 
tion phases become more difficult to perform, both 
customarily included in upper gastrointestinal examina- 
tions. Considerable finesse in positioning the patient 
and applying pressure is required, since the high den- 
sity barium suspension may be difficult to penetrate 
radiographically. This results in a somewhat greater 
reliance on the double-contrast radiographs. Neverthe- 
less, the ability to reliably demonstrate finer mucosal 
detail may enable radiographic diagnosis of subtle path- 
ologic changes not previously possible. 
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Strangulating Obstruction of the Bowel: 
A Reevaluation of Radiographic Criteria 


DAVID BRYK' 


Fifty consecutive cases of strangulating obstruction were 
compared with 100 consecutive cases of surgically proven 
simple obstruction due to adhesions or hernia. All cases were 
studied by the usual supine and either erect or decubitus 
abdominal films, and by two successive supine films made at 
5 min intervals. Radiographic criteria previously described as 
signs of possible strangulation were evaluated in the two 
series. Reduced activity of the small bowel loops on the 
successive supine films was the only frequent sign (58% of 
the cases with strangulating obstruction) which showed a 
statistically significant difference in incidence between the 
two groups. Other signs seen with some frequency (2296-2876 
of the group with strangulation) were long air-fluid levels, loss 
of valvulae conniventes, retention of bubbly fecal matter in 
the right colon, and predominance of fluid-filled loops; how- 
ever, they occurred with the same frequency in simple obstruc- 
tion. The more specific signs of bowel congestion and necro- 
sis (i.e., a narrow rigid loop or intramural gas) were seen in 
10% and 2% of the cases, respectively. Only the incidence of 
a narrow rigid loop in strangulation reached statistical signifi- 
cance. This study confirms the difficulty of diagnosing stran- 
gulating obstruction using plain films of the abdomen. Succes- 
sive abdominal films were shown to be valuable in providing 
information about small bowel activity, which can help in the 
differential diagnosis. 


Strangulating obstruction is defined as small bowel ob- 
struction with evidence of compromised blood supply, 
varying from slight compression of the mesenteric veins 
with bluish discoloration of the segment to frank hemor- 
rhagic infarction and gangrene [1]. Strangulation may 
result from volvulus, incarcerated hernia, passage of the 
small bowel through an abnormal opening in the mes- 
entery such as produced by certain surgical procedures, 
or by twisting of the intestine about a band [1]. A classic 
study of the radiographic signs of strangulating obstruc- 
tion on plain abdominal films was published in 1954 by 
Mellins and Rigler [1]. They studied 26 cases and ana- 
lyzed 10 radiographic signs. Subsequent studies de- 
scribed additional signs [2-8]. Despite the numerous 
signs described, other publications [9-13] stress the 
difficulty in making the diagnosis, even in conjunction 
with clinical and laboratory findings such as localized 
tenderness, leukocytosis, fever, tachycardia, or an ab- 
dominal mass. This study attempts to determine the 
incidence and statistical reliability of the various radio- 
graphic signs described. 


Materials and Methods 


A series of 50 consecutive cases of surgically proven strangu- 
lating obstruction studied radiographically at the Jewish Hospi- 
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tal and Medical Center of Brooklyn was compared with 100 
consecutive cases of simple small bowel obstruction due to 
adhesions or hernia. All cases had supine and either erect or 
left lateral decubitus films. In addition, all cases had two 
successive supine abdominal films exposed at 5 min intervals 
which were evaluated using the criteria of small bowel activity 
previously described [8]. 

All but one of the 11 basic signs of strangulating obstruction 
described in the literature were evaluated. The exception was 
"absence of decompression of a localized loop following suc- 
tion siphonage" [1], because long tube small intestinal de- 
compression was rarely used at this hospital. The statistical 
significance of the results was evaluated by x? analysis. 

The following signs were evaluated. 

1. Reduced small bowel activity on successive 5 min abdomi- 
nal films. The dilated small bowel loops show no significant 
change, except for minimal fluid gas shifts within the loops or 
at their periphery [1] (fig. 1). 

2. Long air-fluid levels. Each loop is flattened in the erect film 
and does not show a hoop shape [14]. The maximum length of 
the levels is at least 2 cm longer than the maximum diameter of 
the loops in the recumbent film [8] (fig. 2). 

3. Loss of valvulae conniventes. The valvulae conniventes 
usually seen in the dilated loops of jejunum are absent, leaving 
a smooth or formless lumen [1] (fig. 3). 

4. Retention of bubbly fecal matter in the right colon. Bubbly 
appearing fecal matter is noted in the right colon associated 
with gas-distended loops of small bowel [7] (fig. 4). 

5. Predominance of fluid-filled loops. The small bowel is 
dilated but the loops are filled with fluid with only minimal gas 
[3] (fig. 5). 

6. Fixation of loops. There is lack of alteration in the position 
of the loops on films made in the supine and erect positions, or 
on follow-up films [1, 14] (fig. 6). 

7. Predominant gaseous distention of one segment. One 
segment is distended far out of proportion to the remaining 
loops. Occasionally, this results in a "coffee bean” configura- 
tion on the recumbent film. Gas is seen in the two distended 
limbs of the incarcerated loop, with a thicker shadow between 
them produced by the apposed edematous intestinal walls [1] 
(fig. 7). 

8. Pseudotumor. The fluid-filled incarcerated loops appear as 
a tumorlike density with a polycyclic outline. The pseudotumor 
is outlined by adjacent indented gas-containing loops, while 
fluid levels are seen in the mass in the upright or lateral 
decubitus positions [1, 6, 14] (fig. 8). 

9. Rigid narrow loop. The strangulated loop shows a narrow 
gas-containing lumen with an irregular serrated contour due to 
thickening and edema of the bowel wall. The configuration of 
the narrow gas collection does not change in distribution on 
films in various positions [2, 14] (fig. 9). 

10. Intramural gas. Crescentic, linear, ringlike, or bubbly gas 
collections are noted outside the lumen of the bowel. A stripe of 
increased density between the abnormal gas collections and 
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Fig. 1. —Reduced bowel activity. Supine successive 5 min abdominal films showing no significant change in dilated small bowel except for minimal 
fluid-gas shifts. 


the normal intraluminal gas represents the bowel wall itself [4, 
5] (fig. 10). 

11. Relatively gasless abdomen. There is a relative absence 
of small intestinal gas in a case suspected clinically of small 
intestinal obstruction [1] (fig. 11). 


Results 


The incidence of the 11 signs in strangulating obstruc- 
tion and simple small bowel obstruction is shown in 
table 1. The only frequent sign of strangulating obstruc- 
tion was reduced activity of the small bowel loops seen 
on successive 5 min films. In the group with strangula- 
tion, 58% showed reduced activity compared to 11% with 
simple obstruction (P — .001). Although long air-fluid 
levels, loss of valvulae conniventes, retention of bubbly 
fecal matter, and predominance of fluid-filled loops were 
seen in 2296-2896 of the group with strangulation, they 
occurred with similar frequency in the group with simple 
obstruction. The only other statistically significant differ- 
ential signs were predominant gaseous distention of one 
segment and a narrow rigid loop (P < .05 and P < .001, 
respectively). The three statistically significant signs 
were usually seen individually, unassociated with the 
other significant signs: 46% of the cases showed one 
sign, 1696 showed two signs, while none demonstrated 
all three signs. 

Discussion 


The radiographic criteria described in strangulating 
obstruction are related to three physiologic anatomic 
findings: (1) a generalized inhibition of gastrointestinal 
activity that results when bowel is strangulated; (2) the 


incarcerated closed loop nature of the obstruction; and 
(3) pathologic changes in the strangulated loop. 


Generalized Inhibition of Gastrointestinal Activity 


Inhibition of bowel activity in strangulating obstruction 
has been well documented in various studies. In a canine 
experiment using intraluminal fluid-filled catheters, 
Dixon et al. [15] demonstrated virtually complete inhibi- 
tion of jejunal activity after luminal occlusion and liga- 
ture of the vascular pedicle. They felt this was due to 
sympathoadrenal discharge resulting in activation of 
inhibitory alpha and beta adrenergic receptors of the 
intestine. This inhibition could be blocked experimen- 
tally by the administration of alpha and beta adrenergic 
blocking agents. In another experimental study, Dixon et 
al. [16] demonstrated marked prolongation of barium 
transport from the stomach in dogs after production of a 
strangulated closed loop. A similar finding was demon- 
strated in rabbits by Frimann-Dahl [17]. In clinical stran- 
gulating obstruction, Vest [18] showed prolonged reten- 
tion of oral water-soluble contrast material in the stom- 
ach. Nelson and Christoforidis [19] described a similar 
atonicity of the stomach using barium sulfate. 

This inhibition of bowel activity is the apparent basis 
of the following signs: reduced bowel activity on succes- 
sive 5 min films; long air-fluid levels; loss of valvulae 
conniventes; retention of bubbly fecal matter in the right 
side of the colon; predominance of fluid filled loops; and 
a relatively gasless abdomen. 

In a preliminary study which included several cases of 
strangulating obstruction [8], the usefulness of 5 min 
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Fig. 2.—Long air-fluid levels. Erect film showing flat dilated loops with 
long air-fluid levels. 


successive abdominal films in differentiating simple and 
complicated obstruction was demonstrated. This was 
confirmed by the current comparative study which dem- 
onstrated reduced activity, based on the 5 min succes- 
sive films, in 58% of the cases of proven strangulating 
obstruction compared to 11% in simple obstruction. 
However, a significant percentage of cases of strangula- 
tion (4296) did not show reduced activity. These cases 
may have been studied radiographically before strangu- 
lation or its effects became apparent, or perhaps the 
mechanism which produces intestinal peristaltic inhibi- 
tion did not operate or improved spontaneously due to 
lesser degrees of bowel compromise. Despite the large 
number of false negative cases, this was the only fre- 
quent and statistically significant differential sign. 

Frimann-Dahl [14] popularized the concept that long 
fluid levels and straight flaccid loops are a manifestation 
of decreased bowel activity associated with strangulating 
obstruction, mesenteric vascular thrombosis, and peri- 
tonitis. The present study did not show this to be a useful 
sign. Probably the length of the fluid levels in the dilated 
loops is related to the amount of fluid in the lumen, 
rather than to the state of bowel activity. 

Loss of valvulae conniventes in jejunal loops in stran- 
gulation was thought to be due to stagnant anoxia with 
resultant loss of tone of the muscularis mucosae, leaving 
a smooth or formless lumen [1]. This was described both 
within the gas-filled incarcerated loops and within the 
intestine just above, providing there had been sufficient 
distention to compromise the intramural circulation. The 
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Fig. 3.—Loss of valvulae conniventes. Supine film showing that 
valvulae conniventes are mostly absent in dilated loops of jejunum in 
upper abdomen except for occasional edematous fold, leaving relatively 
smooth lumen. 





Fig. 4.—Retention of bubbly fecal matter in right colon. Supine film 
showing bubbly fecal matter in right colon (arrows) associated with 
dilated loops of small bowel. 
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Fig. 5. — Predominance of fluid-filled loops. A, Supine film showing small bowel loops filled with fluid making upper abdomen appear dense. B, Erect 
film showing fluid levels and gas bubbles in dilated fluid-filled loops. 


problem with this sign is that dilated ileum will not show 
valvulae, and it is difficult to differentiate it from jejunum 
if it is situated in the upper abdomen. Second, the 
dilatation of bowel in simple obstruction may conceiva- 
bly produce the same effect on the valvulae as strangu- 
lation due to prolonged distention and resulting edema 
of the bowel wall [20]. The current study showed no 
differential value to this sign, possibly related to these 
factors. 

Retention of bubbly fecal matter in the right colon was 
felt to be due to the failure of the colon to empty in 
strangulation, as compared to simple obstruction, be- 
cause of peristaltic inhibition of the colon [7]. The 
current study showed this sign to be of no differential 
value. This may be explained by the fact that (1) the films 
may have been made before the colon emptied; and (2) 
the block is frequently incomplete, and as a result fecal 
matter forms in the colon distal to the obstruction from 
the food and intestinal secretions that bypass the ob- 
struction. 

Predominance of fluid-filled loops in strangulating 
obstruction was felt to be due to partial paralysis of the 
intestine proximal to the occlusion, so that even if the 
patient swallowed some gas, it did not readily pass into 
the intestine, remained in the stomach, or was vomited 
[21]. In addition, if the strangulation involved a major 
portion of the small bowel, the strangulated loops were 
filled with fluid, since the closed loop obstruction pre- 
vented gas from entering the loops [6]. Because the 
latter type of strangulating obstruction is rare, predomi- 
nant fluid-filled loops were not a significant differential 
sign in the current study. The degree of fluid in the loops 
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may be related to other factors, such as the amount of 
gas the obstructed patient swallows and the ability of the 
obstructed intestine to absorb this gas. 

A relatively gasless abdomen in a patient suspected 
clinically of small intestinal obstruction may be due to 
lack of transport of swallowed air into the small bowel 
due to gastric peristaltic inhibition [1]. The swallowed 
gas is either vomited or removed by nasogastric suction 
[20]. Because this sign was so rare (one case), it did not 
have enough diagnostic value. 


Incarcerated or Closed Loop Obstruction 


Strangulation is frequently due to twisting of a loop, so 
that the bowel lumen is narrowed or blocked at two 
points by a single constricting lesion. If the loop is only 
partially closed, it will admit gas. The loop will thus be 
dilated out of proportion to the remaining loops. The two 
limbs may be parallel in the recumbent radiograph, 
separated by the apposed intestinal walls, giving the 
"coffee bean” configuration [1]. This was a statistically 
significant sign of strangulation but was seen in only 
1296 of the cases. It was also occasionally seen in simple 
obstruction, since a closed loop does not necessarily 
strangulate and can even untwist spontaneously. It may 
also be simulated at times by overlapping loops of bowel 
in adjacent loops at different horizontal planes. 

The pseudotumor sign is presumably due to a greater 
degree of obstruction of the limbs of the closed loop, so 
that little gas is admitted, and the loop, for the most part. 
contains the bloody transudate resulting from strangu- 
lation. Films of the abdomen will show the fluid-filled 
closed loop as a tumorlike density with polycyclic con- 
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tours [1, 6, 14]. The sign had no significant differential 
diagnostic value in this series. Presumably fluid-filled 
loops of bowel in simple obstruction, especially if they 
are fixed by adhesions, can give a similar pseudotumor 
sign [13]. 

Fixation of bowel loops is the other sign previously 
considered suggestive of a closed loop obstruction [1, 
14]. Although it occurred more frequently in strangulat- 
ing obstruction, the difference was not statistically sig- 
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Fig. 6.—Fixation of loops. Supine and erect films (A and B) and 
barium enema examination 24 hr later (C) showing constant position of 
loops of dilated bowel, especially loop in upper abdomen over liver 
which retains same position on erect film and subsequent barium enema. 


nificant. Presumably the adhesions present in simple 
obstruction can explain the lack of alteration in the 
position of the loops in various positions or on follow-up 
films. 


Pathologic Changes 


The rigid narrow loop seems to be a good sign of 
intestinal gangrene. The loop shows a narrow lumen 
with an irregular serrated contour due to thickening of 
the bowel wall secondary to edema, congestion, hemor- 
rhage, and necrosis. The loop is rigid and the gas does 
not change in distribution on films in various postions 
[2, 14]. This sign thus results from the actual radio- 
graphic demonstration of the effects of infarction on the 
bowel loop. In this series, the sign was statistically 
significant, but was only seen in 1096 of the cases. 
However, the same finding can be seen with nonocclu- 
sive ischemia or bowel infarction due to vascular occlu- 
sion. Thus while fairly diagnostic of bowel infarction, it 
does not indicate the cause of the infarction [2]. 

Intramural intestinal gas is another useful sign of 
intestinal necrosis [4, 5]. It is more commonly seen in 
mesenteric infarction and only rarely in strangulation [5] 
(2% in this series), and thus is of relatively little diagnos- 
tic value. 


Conclusions 


Reduced activity of the small bowel loops on 5 min 
successive supine radiographs was the only frequent 
sign (5896 of the cases of strangulation) which showed a 
statistically significant difference in incidence between 
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Fig. 7.—Two cases with predominant gaseous distention of one segment. A, Supine film showing "coffee bean" configuration of dilated loop 
(arrows). B, Supine film showing predominant distention of one segment without "coffee bean” configuration (arrows). 





Fig. 8.— Pseudotumor. A, Supine film showing fluid-filled loops as tumorlike density in midabdomen with polycyclic outline indenting adjacent gas- 
containing loops (arrows). B, Erect film showing fluid levels in pseudotumor (arrows). 
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Fig. 9. — Rigid narrowed loop, barium small bowel study. Supine (A) and left posterior oblique (B) films showing relatively narrow loop of gas-filled 
bowel in lower abdomen with irregular nodular contour which maintains same configuration in both films (arrows). 





Fig. 10.—Intramural gas. Supine (A) and erect (B) films showing linear and bubbly gas collections within walls of bowel loops in left side of abdomen 
(arrows). 


the two groups. However, since simple obstruction is 
about six to 10 times as frequent as strangulating ob- 
struction [1], less than one-half of the cases with reduced 
activity will eventually be proven to have strangulated 
bowel. Since clinical and laboratory criteria are also 
nonspecific in the diagnosis of strangulation [9]. early 


surgical intervention is frequently necessary for proper 
patient management. 
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dilated partially closed loop in lower abdomen (arrows) 
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Fig. 11.—Relatively gasless abdomen. A, Supine plain film showing relative absence of small intestinal gas. B, Barium study showing markedly 


TABLE 1 
Incidence of Radiographic Signs 











Strangulating Simple 
Obstruction Obstruction 
Radiographic Sign (N = 50) (N = 100) 
No. % No. % 
Reduced activity on successive 5 
min abdominal films .......... 29* (58) LN n (11) 
Long air-fluid levels ............. 14 (28) 30 (30) 
Loss of valvulae conniventes .... 14 (28) 21 (21) 
Retention of bubbly fecal matter 
in right Colon «iisoso sas nh 13 (26) 30 (30) 
Predominance of fluid-filled loops 11 (22) 23 (23) 
Fixallóon OF 1000S coco te Ru Re Ff (14) 8 ( 8) 
Predominant gaseous distention 
of ONE segment r ences et (12) 4t ( 4) 
PéoudotumOor . ciues ce tree 5 (10) 7 b 4) 
Rigid narrow loop............... E (10) 1* ( 1) 
Intremural BS eoa e y 1 ( 2) 0 
Relatively gasless abdomen ..... 1 ( 2) 0 


* Difference significant at .001 level. 
t Difference significant at .05 level. 
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A New Contrast Agent for Oral Cholecystography: lopronic Acid (Oravue) 


NICHOLAS F. PIZZOLATO,' JOSEPH P. ARCOMANO, AND ALAN E. BAUM 


In a preliminary study to determine the safety and minimal 
effective dose in patients with impaired hepatic function, the 
cholecystographic agent iopronic acid (Oravue, research con- 
trast material from Squibb) was well tolerated in single oral 
doses of 1.5, 3.0, 4.5, or 6.0 g. None of the patients experi- 
enced clinical adverse reactions. The radiologic results were 
generally poor, as anticipated for patients with total serum 
bilirubin concentrations of 2.0-11.4 mg/100 ml. In a subse- 
quent double-blind controlled study in patients without hepatic 
dysfunction, 4.5 g of iopronic acid or 3.0 g of iopanoic acid 
(Telepaque, Winthrop) was given to two groups of 90 patients 
each. Serial radiographs were obtained 13, 14, 15, and 16 hr 
after ingestion of the drug. Both drugs were highly effective 
cholecystographic agents, producing visualization in 88% of 
the patients. Although not statistically significant, a repeat 
dose was required for visualization in only 496 of the patients 
given iopronic acid compared to 9% of the patients given 
iopanoic acid. Visualization was nearly always observed on 
the first film obtained 13 hr after drug administration. The 
contrast agents were similar in terms of safety. 


Introduction 


lopronic acid (Oravue, Squibb) is a new oral contrast 
medium for cholecystography. It is a triiodide derivative 
of aminophenol with a molecular weight of 673.0 and an 
iodine content of 56.796. Studies in mice, rats, and dogs 
have shown iopronic acid to be less toxic and to have a 
higher biliary clearance than iopanoic acid (Telepaque, 
Winthrop) and ipodate (Oragrafin, Squibb). In addition, 
the degree of opacification of the gallbladder obtained 
with iopronic acid at various dosage levels in dogs and 
cats was somewhat superior to that obtained with iopa- 
noic acid [1]. 

In a dose-ranging study conducted in the United 
States, 4.5 g of iopronic acid produced radiographs of 
good to excellent quality [2]. In clinical trials in Italy 
involving 11 investigators [3, 4], iopronic acid produced 
satisfactory opacification of the gallbladder in about 9096 
of approximately 1,100 patients. The incidence of side 
effects was less than 5%, including clinically insignifi- 
cant reactions such as mild nausea and vomiting. 

This report presents further data on the safety and 
efficacy of iopronic acid as an oral cholecystographic 
agent. Two studies are included: a tolerance study of 
ascending doses of the contrast agent in 24 patients with 
impaired hepatic function, and a double-blind compari- 
son study with iopanoic acid of the relative safety and 
efficacy of the drugs in 180 patients requiring cholecys- 
tography. 


Received August 17, 1977; accepted after revision January 10, 1978. 


Subjects and Methods 
Tolerance Study 


The dose-ranging study included 24 patients requiring oral 
cholecystography (16 males and eight females). Age range was 
25-74 years (mean, 47.7) and weight, 39-110 kg (mean, 71.4). 
These patients had various degrees of hepatic impairment (total 
serum bilirubin, 2.0-11.4 mg/100 ml). Complete medical history 
was obtained for each patient. Each underwent physical, elec- 
trocardiographic, and laboratory examinations, including hem- 
atopoietic, hepatic, and renal function studies before admission 
to the study and after drug administration. All patients con- 
sumed a high-fat lunch the day before the procedure. No food 
and only small amounts of water were ingested between the 
time of drug administration and the radiologic examination. 

Pregnant women did not participate in the study, nor did 
patients with a recent history of cardiovascular, hematopoietic, 
renal, or metabolic disorders, a history of hypersensitivity to 
contrast agents or other iodine-containing compounds, glu- 
cose-6-phosphate dehydrogenase deficiency, impaired renal 
function, or thyroid disease. 

The 24 patients were divided into groups of six and given 1.5, 
3.0, 4.5, or 6.0 g of iopronic acid; the drug was administered in 
an ascending dose fashion; that is, the 1.5 g group was studied 
before the 3.0 g group was given the drug, and so on. Also, 
within each dose group, the three patients with the lower 
concentrations of serum bilirubin were studied before the other 
three patients received the drug. lopronic acid (three, six, nine, 
or 12 500 mg capsules) was administered 12 hr before the 
radiographic examinations. Radiographs were obtained at 1 hr 
intervals from 12 to 19 hr and again, in all but one patient, at 24 
hr after administration. 


Comparison Study 


The controlled double-blind study* consisted of 180 patients 
(168 males and 12 females) requiring cholecystography: 90 
received single 4.5 g doses of iopronic acid (2.6 g of iodine) as 
nine 500 mg capsules, and 90 received 3.0 g doses of iopanoic 
acid (2.0 g of iodine) as six 500 mg tablets, according to a 
predetermined randomization schedule. These doses were sug- 
gested by the manufacturers as equivalent for radiodiagnostic 
purposes due to the differing rates of dissolution of the capsules 
and tablets in the gastrointestinal tract. Repeat doses were 
administered 24 hr later if visualization of the gallbladder had 
not occurred. 

The restrictions on participation in the study were similar to 
those of the tolerance study, except that patients with severe 
hepatic impairment (serum bilirubin of greater than 3.0 mg/100 
ml) did not participate. The dietary guidelines and clinical and 
laboratory follow-ups were also similar. Specifically, laboratory 
tests were done before and 16 and 64 hr after drug administra- 
tion and included urinalyses, hemograms, and blood chemistry 
tests of hepatic and renal function. Twelve-lead electrocardiog- 


'All authors: Department of Radiology, Veterans Administration Hospital, Northport, New York 11768. Address reprint requests to N. F. Pizzolato. 
* Approved by the Institutional Review Committee of the Veterans Administration Hospital. A signed consent form was obtained from each patient. 
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Fig. 1.—A, Grade 1, fair opacification, inadequate for diagnosis. B, Grade 2, good opacification, calculi demonstrated. C, Grade 3, excellent 
opacification, easily permitting diagnosis. 


raphy was performed on 60 patients (30 in each drug group) 
before the initial dose and 1-2 hr after each dose. 

The distributions of patients by age, body weight, and prelim- 
inary diagnosis were similar for the two drug groups: age range 
was 19-78 years (mean, 48.5) and weight, 49.7-154.5 kg (mean, 
78.5). The most frequent reason for the cholecystographic 
procedure was for the differential diagnosis of abdominal pain 
(6096 of the patients in each group). 

A posteroanterior scout film was taken prior to the initial 
dose. Serial exposures were obtained 13, 14, 15, and 16 hr after 
administration of the drug. A radiologist other than the principal 
investigator evaluated the films, unaware of the identity of the 
patient, the drug, and the sequence of films. He rated the 
opacification of the gallbladder in each film as follows: 0 = 
poor, no opacification; 1 — fair, inadequate for diagnosis; 2 = 
good, adequate for diagnosis; and 3 = excellent, easily permit- 
ting diagnosis (fig. 1). Thus scores of 2 or 3 represented 
"visualization." The patients whose films were rated no higher 
than 1 were given a repeat dose 24 hr after the initial dose, and 
films were obtained according to the same schedule. One 
patient given iopronic acid did not return for radiographic 
examinations and was not included in the comparison of drug 
effectiveness. 


Results 
Tolerance Study 


In the dose-ranging study of 24 patients given iopronic 
acid, the radiologic results were generally poor, as 
anticipated for patients with moderate to severe hepatic 
impairment. Only four patients had satisfactory opacifi- 
cation of the gallbladder; of the four, two received 3.0 g 
doses and two received 4.5 g doses. There was no 
apparent relation between serum concentration of bili- 
rubin and the degree of opacification of the gallbladder 
in these patients. 

No clinical adverse reactions occurred in any of the 24 


patients. The only alteration in laboratory results possi- 
bly attributable to the iopronic acid was a slight eosino- 
philia in four patients [4]. On the basis of these observa- 
tions, the comparison study was undertaken. 


Comparison Study 


In the comparison study, the radiologic results were 
generally similar for the two contrast agents. Both were 
highly effective in visualizing the gallbladder 13-16 hr 
after oral ingestion. Each contrast agent produced 
visualization of the gallbladder sufficient for making a 
radiologic diagnosis in 8896 of the patients: iopronic acid 
in 78 of 89 patients and iopanoic acid in 79 of 90. 
However, among patients with visualization, a repeat 
dose was required for four (496) of the patients given 
iopronic acid and nine (1096) of the patients given iopa- 
noic acid. This difference was not statistically signifi- 
cant. Visualization was nearly always observed on the 
first film (13 hr) after drug administration. 

Among the patients with adequately visualized gall- 
bladders, the findings were negative in 69 (88%) of those 
given iopronic acid and in 65 (82%) given iopanoic acid. 
Gallstones were observed in most of the other patients. 

Clinical adverse reactions were observed in only two 
of the 180 patients in the comparison study, both of 
whom received iopanoic acid. A 37-year-old female had 
a mild pruritic rash on the face and a 56-year-old male 
had erythema on the neck after a single dose. The latter 
reaction subsided rapidly after oral diphenhydramine 
hydrochloride. 

Although eight patients given iopronic acid and 13 
given iopanoic acid had abnormal electrocardiograms 
before ingestion of the drug (e. g., left axis deviation, 
premature ventricular contractions, right bundle branch 
block, and nonspecific T-wave changes), there were no 
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drug-related changes with either drug among the 60 
patients examined. 

Approximately half of the patients given either drug 
had one or more transient abnormal laboratory test 
results after receiving the drug. Of the 90 patients given 
iopronic acid, 44 (48.9%) had a total of 89 abnormal 
values. (Abnormalities of a given test were counted 
separately each time they occurred.) Of the 90 patients 
given iopanoic acid, 53 (5996) had a total of 111 abnor- 
malities. The most frequent abnormalities occurred in 
tests of liver function: 38 with iopronic and 36 with 
iopanoic acid. Abnormal results occurred as slight ele- 
vations in total serum bilirubin, lactate dehydrogenase, 
SGOT, SGPT, serum alkaline phosphatase, total serum 
cholesterol, and serum albumin. 


Discussion 


lopronic acid and iopanoic acid produced visualization 
of the gallbladder adequate for a radiologic diagnosis in 
88% of patients. While more patients given iopanoic acid 
required a repeat dose for adequate visualization, the 
difference was not statistically significant. However, re- 
cent preliminary data on about 1,000 patients indicate 
that among those in whom visualization was achieved, a 
significantly greater proportion of the patients given 
iopronic acid than those given iopanoic acid achieved it 
after the first dose [4]. Such an advantage affords a 


reduction in risk to patients undergoing oral cholecys- 
tography. 

The contrast agents were comparable in safety, with 
no serious clinical adverse reactions or alterations in 
laboratory test values. In a separate study of a limited 
number of patients with hepatic impairment, iopronic 
acid was found to be safe in single oral doses as high as 
6.0 g. 
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Gray Scale Ultrasonographic Evaluation of Hepatic Cystic Disease 


RALPH M. WEAVER, JR.,' HARVEY M. GOLDSTEIN, BARRY GREEN, AND CAROL PERKINS 


Eight patients with various forms of hepatic cystic disease 
studied with gray scale ultrasonography are described. Four 
had solitary cysts, two had multiple simple liver cysts, and two 
had congenital polycystic liver and kidney disease. The spec- 
trum of ultrasonographic features in benign cystic disease of 
the liver is discussed. All eight patients were felt to have 
malignant disease in the liver prior to ultrasonographic evalu- 
ation. The value of gray scale ultrasound as a noninvasive 
means of differentiating cystic disease from suspected meta- 
static disease is emphasized. 


The advent of gray scale ultrasonography as a routine 
imaging tool has enabled more accurate evaluation of 
mass lesions of the liver. A number of reports of its utility 
in the diagnosis of malignant hepatic disease have ap- 
peared [1-4]. Only scattered cases of benign hepatic 
cysts studied with gray scale ultrasound have been 
described and illustrated [5-7]. This paper reviews our 
experience with gray scale ultrasonographic evaluation 
of hepatic cystic disease in eight patients. The variable 
ultrasonographic features are discussed as well as the 
importance of recognizing this entity in patients sus- 
pected of having metastatic disease. 


Subjects and Methods 


The series consisted of eight adult patients with various forms 
of proven hepatic cystic disease demonstrated by gray scale 
ultrasonography. The five females and three males ranged in 
age from 29 to 72 years. Seven of the eight patients had known 
primary tumors including breast carcinoma, colorectal carci- 
noma, and lymphoma. One patient had both polycystic disease 
and metastatic colon carcinoma in the liver. Prior to ultrasonic 
examination, all patients were thought to have hepatic malig- 
nancy. All had abnormal **"Tc sulphur colloid liver scans show- 
ing one or more focal areas of decreased uptake. 

Hepatic cysts ranged in size from several centimeters to 23 
cm and occurred with approximately equal frequency in the 
right and left lobes. Cysts were solitary or multiple with two 
cases showing polycystic liver and kidney disease. There was 
excellent agreement between ultrasonographic findings and 
isotopic liver scans with respect to size and location of the 
cysts. 

Ultrasound examinations were performed with commercially 
available gray scale equipment (Unirad Corp., Denver, Colo.). 
Both 2.25 and 3.5 MHz long-focus transducers were used, 
depending upon patient size. Most images were recorded with 
a 70 mm camera. Scans were performed at 1 cm intervals across 
the entire upper abdomen in both transverse and sagittal 
planes. Sagittal sections were performed with the subcostal 
single-pass technique. A range of scanning sensitivities was 
used. 


Received September 1, 1977; accepted after revision February 3, 1978. 


Case Reports 
Case 1 


A 48-year-old female with known breast carcinoma and axil- 
lary nodal metastases was referred with an abnormal radionu- 
clide liver scan showing multiple defects. Ultrasonography 
demonstrated numerous cysts in both lobes (fig. 1) and polycys- 
tic kidneys. Subsequent peritoneoscopy at another hospital 
confirmed the findings. 


Case 2 


A 29-year-old female with recently treated carcinoma of the 
right breast was discovered to have multiple focal defects on a 
radionuclide examination of the liver. Ultrasonography demon- 
strated cysts in both lobes of the liver (figs. 2A and 2B). Hepatic 
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Fig. 1.— Case 1, polycystic liver and kidney disease. A, Sagittal scan 
through right lobe of liver showing three sonolucent hepatic cysts with 
slightly irregular contours. Note two poorly defined cysts (arrows) in 
right kidney. H = direction of head, A = anterior. B, Sagittal scan 
through lateral segment of left lobe of liver showing two additional small 
cysts (arrows). 


' All authors: Department of Diagnostic Radiology, University of Texas System Cancer Center, M. D. Anderson Hospital and Tumor Institute. 
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Fig. 2.—Case 2, multiple hepatic cysts. A, Transverse sonogram through middle of liver demonstrating several distinct sonolucent masses (arrows) 
with accentuated sound transmission. Masses correspond to defects on isotope scan. R = right. B, Longitudinal scan through largest right lobe cyst. 
Sonolucency and marked sound transmission indicate cystic nature. C, Selective hepatic arteriogram, showing capillary phase, at least three avascular 
masses (C) with hypervascular rims. Note staining of gallbladder wall (arrows). D, Double contrast study of left lobe cyst after percutaneous needle 
aspiration. Fluid was straw colored and devoid of malignant cells, confirming diagnosis of hepatic cyst. 


arteriography and percutaneous cyst puncture confirmed the 
diagnosis (figs. 2C and 2D). 


Case 3 


A 67-year-old male was referred for evaluation of right abdom- 
inal pain and hepatomegaly. A radionuclide examination of the 
liver showed a single large cold area in the right lobe. Ultrason- 
ography demonstrated the cystic nature of the mass (figs. 3A 
and 3B). Percutaneous puncture with introduction of contrast 
material confirmed its smooth walls, and the aspirated fluid was 
negative for organisms and malignant cells. Follow-up ultrason- 
ography demonstrated decrease in the size of the cyst (fig. 3C). 


Case 4 


A 62-year-old female with known breast carcinoma was re- 
ferred for evaluation and treatment. Radionuclide examination 
of the liver demonstrated a cold area in the right lobe which did 
not change over a 3 month period. Ultrasonography demon- 
strated a liver cyst (fig. 4) which was further confirmed by 
computed tomography. 


Case 5 


A 72-year-old female was referred for further evaluation and 
treatment of poorly differentiated lymphocytic lymphoma. Iso- 
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Fig. 3. — Case 3, large solitary hepatic cyst with septations. A and B, Sagittal and transverse scans demonstrating 23 x 14 cm cyst occupying much of 
right lobe. Linear internal echoes represent septations. L = compressed residual liver parenchyma. C, Sagittal scan 6 months after diagnostic 


percutaneous needle aspiration illustrating markedly reduced size of cyst. 
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Fig. 4.—Case 4. Oblique scan through right lobe demonstrating 
solitary ovoid cyst. Note marked posterior wall transmission (arrows). 


topic scan of the liver demonstrated cold areas in both lobes. 
Ultrasonography demonstrated three cysts in the liver (fig. 5). 
Serial scans have shown no change in almost 2 years. 


Discussion 


In the past, hepatic cystic disease was encountered 
relatively infrequently. The incidence of hepatic cysts in 
one large series was 17/10,000 abdominal explorations 
[8]. This may not represent the true incidence since 
many congenital cysts are located within the liver sub- 
stance and not apt to be detected. At present liver cysts 
are being identified more frequently due to the availabil- 
ity of ultrasonography and computed tomography. 

Liver cysts are divided into congenital and acquired 
types. Congenital solitary cysts are the most prevalent, 
with multiple simple cysts and diffuse polycystic liver 
disease comprising the balance of congenital disease [8, 
9]. Congenital cysts are most often discovered in the fifth 
through seventh decades of life. In a series of 150 
patients presenting with symptomatic cysts, the most 
common features were abdominal mass, hepatomegaly, 
abdominal pain, and jaundice [8]. Acquired cysts are 
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Fig. 5.—Case 5. Oblique ultrasonographic scan demonstrating sev- 
eral hepatic cysts. Despite similarity in size of cyst (C) to case 4, there is 
considerably less sound transmission. More sound transmission is noted 
posterior to smaller cysts. 


secondary to trauma, inflammation, or parasitic infesta- 
tion. All patients in our series were felt to have congenital 
cystic disease of the liver. 

Accepted management of symptomatic cysts includes 
aspiration and/or excision. Some authors feel that all 
symptomatic cysts should be treated surgically with 
either local excision or formal hepatic resection [9]. An 
alternative nonsurgical approach used in one patient 
with nonparasitic cysts is percutaneous puncture and 
instillation of oily contrast material as a sclerosing agent 
[10]. None of our patients had surgical excision or 
drainage of their cysts. In one patient in our series, the 
cyst reduced by approximately one-half following punc- 
ture for diagnostic purposes. 

Noninvasive techniques have come to play an impor- 
tant role in the evaluation of focal hepatic disease. Since 
all eight of our patients were initially felt to have a 
hepatic malignancy, ultrasonography was particularly 
important in differentiating benign from malignant dis- 
ease. Ultrasonography should not be performed in con- 
junction with every radionuclide examination; rather, its 
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Fig. 6.—Hepatic metastases from leiomyosarcoma. Sagittal section 
through lateral aspect of right lobe revealing two essentially echo-free 
masses. Sonolucent nature signifies internal necrosis. Both lesions 
demonstrate accentuated posterior wall transmission (arrows). 


use should be individualized to the clinical situation. 
However, it is definitely indicated in patients without 
known malignancy or in those with a known primary 
tumor if the radionuclide liver study is positive without 
supporting clinical and/or laboratory evidence for meta- 
static disease. Ultrasonography is also indicated when 
treatment of the primary tumor would be affected by the 
presence or absence of liver metastases. This is demon- 
strated in one of our nonillustrated cases in whom 
surgery for a nonobstructing colorectal carcinoma was 
initially ruled out because of the probability of metastatic 
liver disease. Ultrasound examination combined with 
hepatic arteriography and cyst puncture established the 
cystic nature of the liver lesion, and the patient under- 
went potentially curable resection of his tumor. Ultrason- 
ography is also warranted when there has been no 
interval change in the appearance of the scintigram in 
patients suspected of having liver metastases. 

In this series, the variability of ultrasonic characteris- 
tics and the lack of traditional cystic criteria in a number 
of cases was somewhat surprising. The only consistent 
feature compatible with classic ultrasound criteria was 
sonolucency. Anterior reverberation echoes were seen 
in only several cases. Posterior wall sound transmission 
varied from minimal to marked. No definite relationship 
between cyst size and degree of posterior wall transmis- 
sion was noted. Although cysts are usually considered 
spherical, some were egg shaped in three-dimensional 
configuration. At standard gain settings sufficient to 
demonstrate the surrounding hepatic parenchyma, the 
internal cyst contours were generally smooth, although 
half the patients had some irregularity of at least a 
portion of the internal contour. 

In addition to cystic disease, the differential diagnosis 


of sonolucent lesions within the liver includes abscess 
[11], enlarged intrahepatic vessels seen on end, intrahe- 
patic gallbladder, Caroli's disease [12]. and necrotic 
metastases [1]. In the past 2 years, approximately 12 
patients at this institution have been noted to have 
necrotic metastases in the liver. Virtually all were known 
to have liver metastases at the time of ultrasound exami- 
nation, and about half had metastatic sarcomas. Differ- 
entiation of benign cystic disease from some of these 
neoplasms may be difficult on a single examination 
using only ultrasonic criteria (fig. 6). Depending upon 
the clinical setting, percutaneous aspiration would not 
seem necessary for all cases in which hepatic cysts are 
discovered on ultrasound examination. However, partic- 
ularly in patients with known malignancies, confirmation 
of a benign hepatic cystic disease with needle aspiration 
should be strongly considered. 
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Giant Cystic Abdominal Masses in Children and Adolescents: Ultrasonic 
Differential Diagnosis 


JEFFREY D. WICKS,’ TERRY M. SILVER,' AND ROBERT L. BREE"? 


Twelve children and adolescents with a variety of giant 
cystic abdominal masses are described. These masses are 
easily evaluated by ultrasonic scanning. Information regard- 
ing location, size, origin, and internal structure aid in the 
differential diagnosis. A correct diagnosis was made in a high 
percentage of the cases, obviating the need for more invasive 
studies. Ultrasound examinations at appropriate intervals dur- 
ing patient management can document change in position 
and/or size. 


Ultrasonic scanning for evaluating abdominal masses is 
well accepted. Besides confirming the presence of a 
suspected mass, ultrasound can differentiate cystic from 
solid components and often determine the origin of the 
mass [1]. This report evaluates our experience with giant 
cystic abdominal masses in children and adolescents. 


Subjects and Methods 


Twelve patients from 22 months to 19 years of age, 
referred for evaluation of definite or questionable palpa- 
ble abdominal masses, form the basis of this report. All 
had masses which fulfilled the accepted sonographic 
criteria for cystic structures and occupied at least one 
quadrant of the abdomen. 

Standard contact B-scanning techniques were per- 
formed using 2.5-5.0 MHz transducers, depending on 
patient size and type of commercially available gray scale 
scanning equipment used. All patients were scanned in 
the supine position with additional prone and/or decu- 
bitus scanning as needed. Transverse and longitudinal 
(sagittal) sonograms were obtained at 1-2 cm intervals 
with additional selected views obtained of regions of 
interest. Images were permanently recorded on either 
Polaroid or x-ray film. Whenever possible, scanning was 
performed while the patient had a distended bladder. No 
sedation was necessary. 


Results 


The clinical, radiologic, and ultrasound findings are 
summarized in table 1. Surgical confirmation was avail- 
able in 11 of the 12 patients. The masses include two 
splenic cysts, two gastrointestinal duplication anoma- 
lies, one mesenteric cyst, one dilated renal pelvis sec- 
ondary to ureteropelvic junction obstruction, two hy- 
dropic gallbladders, and four ovarian tumors. The sizes 
of these masses ranged from 5 to 34 cm in greatest 
dimension on the ultrasound study. 

A definite abdominal mass was palpated in six of the 


Received September 15, 1977; accepted after revision January 9, 1978. 


12 patients (cases 1, 2, 8, 9, 11, and 12). Radiologic and/ 
or nuclear studies confirmed the presence of a mass in 
those six cases, yet a specific diagnosis was made in 
only case 2. Ultrasound as a single study confirmed the 
presence of a mass and identified it as cystic. On the 
basis of ultrasound evaluation alone, a specific diagnosis 
was reached in five of the six cases (cases 2, 8, 9, 11, 
and 12). 

Six of the 12 patients did not have definite palpable 
masses (cases 3-7 and 10). Five of these six patients had 
radiographic studies which suggested the presence of a 
mass. In only case 4 was a specific diagnosis offered. 
Ultrasound confirmed the presence of a cystic mass in 
all cases and made a specific diagnosis in all but case 6. 
Ultrasound was the only diagnostic imaging method 
used in case 10. Thus, ultrasound scanning accurately 
delineated and characterized all the abdominal masses 
as cystic, and correctly identified the origin in 10 cases. 


Differential Diagnosis 
Left Upper Quadrant 


Splenic cysts may be congenital or acquired [2]. They 
appear as smoothly marginated, oval, anechoic, left 
upper quadrant masses with compressed splenic paren- 
chyma laterally and posteriorly (fig. 1). They are separate 
from the left kidney which may be compressed, thereby 
excluding a distended renal pelvis secondary to uretero- 
pelvic junction obstruction (fig. 2). The left upper quad- 
rant duplication cyst (case 8) was sonographically sepa- 
rate from the spleen. 

Although unusual in this age range, a pancreatic 
pseudocyst should be included in the differential diag- 
nosis. We have encountered only one case of posttrau- 
matic pseudocyst in a child, but it was small (4 cm) and 
confined to the tail of the pancreas. Fluid in the gastric 
fundus can simulate an abnormal left upper quadrant 
cystic mass. To confirm a gastric location, careful scan- 
ning with the patient in different positions to document 
changes in size and/or configuration may be required. 
Occasionally, scanning after nasogastric suction may be 
necessary. 


Right Upper Quadrant 


In the right upper quadrant, gallbladder hydrops 
(cases 3 and 10), choledochal cysts, and right uretero- 
pelvic junction obstruction may present as cystic masses 
on the ultrasound study. Hydrops of the gallbladder 
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Fig. 1.—Case 1, splenic cyst. A, Longitudinal scan showing large anechoic cyst (C) compressing splenic parenchyma (S) near diaphragm. Left 
kidney (K) has normal collecting system. Arrow marks umbilicus. B, Transverse scan showing splenic cyst (C) compressing splenic parenchyma 


laterally and posteriorly. Cyst is separate from left kidney. 





Fig. 2.—Case 2, left ureteropelvic junction obstruction. Longitudinal 
scan showing cystic mass (P) which can be identified as renal pelvis 
because of associated calyceal dilatation (C), even though very little 
renal parenchyma is present. 


appears as an elliptical anechoic structure on sagittal 
scans with its origin beneath the anterior surface of the 
liver, anterior to the right kidney (fig. 3). Despite gross 
enlargement, the gallbladder maintains its characteristic 
shape on sagittal scans and circular configuration on 
transverse scans. In our two cases, there were no asso- 
ciated dilated intrahepatic biliary radicals, dilated com- 
mon bile duct, or gallstones. 

Although a choledochal cyst may have a similar ap- 
pearance, biliary obstruction is usually associated in a 
high percentage of cases [3]. In addition, an atypically 
located and appearing gallbladder may also be visualized 
[4]. Right ureteropelvic junction obstruction can be dif- 
ferentiated by the demonstration of dilated calyces in 
addition to the huge renal pelvis. Differentiation from a 
developmental renal cyst [5] and an obstructed duplica- 
tion anomaly may be difficult. An adrenal cyst could also 
present as a cystic upper quadrant mass, but we have 
not encountered one in our pediatric population. 





Abdominal 


Cystic masses associated with the gastrointestinal 
tract can occur anywhere in the abdomen [6]. Duplica- 
tion anomalies (enterogenous cysts; cases 4 and 8) may 
communicate with the gastrointestinal tract and contain 
intraluminal debris differentiating them from mesenteric 
cysts [6, 7] (case 4, fig. 4). Mesenteric cysts may be 
unilocular (case 5, fig. 5) or multilocular [8]. These cystic 
masses were located superficially just beneath the ante- 
rior abdominal wall. While the duplication anomalies 
were ovoid, the mesenteric cyst was flatter in anteropos- 
terior diameter and conformed more closely to the ante- 
rior abdominal wall instead of distending it. The mesen- 
teric cyst changed configuration with changes in posi- 
tion, which may help differentiate it from an ovarian cyst. 
The pliability of mesenteric cysts demonstrated on ultra- 
sonography explains the frequent clinical dilemma of 
either absent or unreproducible mass on physical exam- 
ination. 

Cystic ovarian masses may be impossible to differen- 
tiate sonographically from mesenteric cysts [9]. The 
largest masses we encountered were of ovarian origin. 
They both may be unilocular (case 6, fig. 6), septated, or 
multilocular (case 12). Although smaller cystic masses 
may appear to arise from the pelvis, the origin of giant 
masses which fill the entire abdomen may be difficult to 
assess. Mucinous cystadenomas (case 7, fig. 7) tend to 
be more septated [10] and contain more solid elements 
than serous cystadenomas. Cystic teratomas may pres- 
ent a complex sonographic appearance with solid areas, 
loculated fluid-filled areas, and calcified elements which 
may cause acoustic shadowing [11]. 


Discussion 


Several authors have discussed the usefulness of B- 
scanning in the diagnosis and management of abdomi- 
nal masses in children [1, 5, 12]. These reports have 
shown a variety of solid and cystic masses predominately 
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Fig. 3. —Case 3, gallbladder hydrops. A, Longitudinal scan showing characteristic gallbladder shape and position of cystic mass (G) beneath anterior 
liver (L) surface and anterior to right kidney (K). B, Transverse scan showing typical round configuration of gallbladder (G). Note enhanced posterior 


sound transmission. 
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Fig. 4.— Case 4, duplication anomaly. Transverse scan showing cystic 
mass in right midabdomen (D) with echogenic debris (arrow). 


with bistable reproductions. The noninvasive, nonioniz- 
ing nature and the excellent capability of gray scale B- 
scanning to characterize cystic masses make this modal- 
ity an essential diagnostic tool in the evaluation of 
children and adolescents. Although not always possible, 
ultrasonic scanning may yield an accurate diagnosis and 
obviate the need for radiographic or more invasive stud- 
ies. 

The standard criteria for diagnosing a mass as cystic 
are well known. Lack of internal echoes, enhanced 
posterior transmission, and smooth walls are very impor- 
tant signs of a fluid-filled mass (fig. 3B). In addition, 
anterior reverberation artifacts are almost always present 
in large cystic masses (fig. 6). The presence of septations 
within an anechoic mass is virtually diagnostic of a cystic 
mass (fig. 7). In addition to these signs, use of appropri- 
ate transducer frequency and time-gain compensation 
curve will help avoid confusing artifactual echoes in 
cystic masses and allow accurate diagnosis. 


Any child or adolescent presenting with abdominal 
distension or palpable mass should have an abdominal 
ultrasound examination. Although clinical circum- 
stances and availability may not always permit this study, 
the ease, safety, and relatively high degree of accuracy 
in diagnosis make ultrasound a useful screening exami- 
nation. 

Once a cystic mass is identified, ultrasonography can 
aid the surgeon by delineating the extent of the mass 
and defining its relationship to normal intraabdominal 
structures. Associated findings of ascites or hydrone- 
phrosis are easily detected. If conservative management 
is required, ultrasound examinations at appropriate in- 
tervals can document change in position and/or size 
(case 7). 
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Fig. 5.—Case 5, mesenteric cyst. A, Longitudinal scan showing cystic mass (M) located superficially in abdomen. Arrow marks umbilicus. B, 
Transverse scan showing mesenteric cyst (M). Differentiation from ovarian serous cystadenoma may be difficult on purely sonographic basis. 





Fig. 6.—Case 6, serous cystadenoma of ovary. Longitudinal scan 
showing unilocular cystic mass (C) extending from pelvis to upper 
abdomen. Centimeter marker is at level of umbilicus. Arrows indicate 
reverberation artifacts. B — bladder. 





Fig. 7.— Case 7, mucinous cystadenoma of ovary. Transverse scan 
showing cystic mass (C) with multiple septae. K — kidney. 
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350 kVp Chest Radiography: Review and Comparison with 120 kVp 


ANTHONY V. PROTO* ? AND EDWARD J. LANE' 


High kilovoltage radiography had its beginning with super- 
voltage technique and is presently accomplished with the 350 
kV chest x-ray system. The physical reasons to explain the 
improved visibility with this technique are: (1) absorption 
coefficients of bone and soft tissue, (2) more uniform bone 
visibility, (3) x-ray spectrum, (4) visual responses, and (5) 
depth resolution. In this study, 350 kV and 120 kV chest x-ray 
techniques were compared by evaluating 15 parameters. 
Based on our data and the results of previous large clinical 
studies, a list of disadvantages and advantages is offered. 
The entrance dose for an average 350 kV posteroanterior 
chest radiograph is 8 mR, or about one-third that with 90 kV 
technique. 


Introduction 


The use of high kilovoltage technique for chest radiog- 
raphy is not new. The older radiologic literature contains 
several reports on both this technique and the concept 
of film contrast, as well as the effect of one on the other 
[1-6]. It is well known that an increase in kilovoltage is 
associated with a decrease in contrast. Yet this decrease 
in contrast is not necessarily disadvantageous. Spiegler 
et al. [7] pointed out that high contrast is a potential 
source of radiographic error in that it can “blacken out" 
regions of low absorption and make objects artificially 
sharp. By so doing, there may be a loss of the anatomic 
and pathologic information necessary for adequate di- 
agnosis. 

Tuddenham et al. [8] accomplished much of the early 
work on high kilovoltage chest radiography by using 
supervoltage (1,000-2,000 kV) technique. In their opinion 
the disadvantages of long exposure times, film emulsion 
insensitivity, and low generator output were outweighed 
by the advantage of simultaneous visualization of the 
mediastinum and lung fields. 

Present-day high kilovoltage chest radiography is per- 
formed with the 350 kV chest x-ray system (Hewlett- 
Packard, McMinnville, Oreg.). A kilovoltage of 350, 
rather than higher, was chosen [9] since it not only 
retained the supervoltage advantage of simultaneous 
visualization of the mediastinum and lung fields, but also 
retained better bony detail. Since conventional grids, 
Screens, and films could be used at this kilovoltage, the 
problems initially experienced with supervoltage tech- 
nique were overcome (i.e., scattered x-ray, higher pa- 
tient dose, and long exposure times with resultant mo- 
tion). Because of the present trend toward higher kilo- 
voltage, we compared the 350 kV technique with 120 kV 
chest radiography; previous comparisons were made 
within the 90 kV range [10, 11]. 
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Materials and Methods 
Radiography 


All routine studies were performed at 1.8 m using 120 kVp, 
Litton Profex-ray generator (Titan 1050, 3-phase), 300-600 mA, 
10-16 msec, 1.5 mm actual focal spot, DuPont Hi-Plus screens, 
12:1 Leibel-Flarsheim aluminum interspaced 85 line and 1.8 m 
focused grid, and Cronex VI film. The films were processed in a 
Kodak M7A, 150 sec, 33.3°C processor using Kodak RP X-OMat 
developer and fixer. 

The 350 kV radiographs were performed using the Hewlett- 
Packard 350 kV chest x-ray system (model 43815) at 1.8 m, 
average current 40 mA, 6-65 msec, actual focal spot 5 mm, 12:1 
Leibel-Flarsheim aluminum interspaced 85 line and 1.8 m fo- 
cused grid, Cronex IV and VI film, and Radelin SF-3 screen. 
Processing was the same as with the 120 kV technique. The 
half-value layer for the 350 kV unit was 11.0 mm aluminum [12]. 
For the 120 kV technique it was 4.9 mm aluminum, measured 
with the Kiethly ionization-type chamber, model 96030. 

Cronex IV was used since it is recommended with 350 kV 
technique. However, Cronex VI was employed as well since this 
was the film used for routine chest radiography. Cronex ll, 
Kodak RP, and Kodak RPL were also tried. Use of Cronex Il was 
quickly discontinued because of the distracting mottle. Not 
enough comparative data were compiled with Kodak RP and 
RPL to make more than a general comment that they seemed to 
work satisfactorily. Finally, the 350 kV technique was used with 
the same film types already mentioned but with the DuPont SP 
screen. Again, only a general observation can be made of a 
trend similar to that with the Radelin SF-3 screen. Further 
comparison of these film-screen combinations may elucidate 
whether major differences exist. 


Parameters of Comparison and Evaluation Criteria 


The following parameters were evaluated using Cronex VI for 
the 120 kV technique and Cronex IV and VI with the 350 kV 
technique: mottle, calcification (where it could be found, other 
than bone), ribs, nodules, pulmonary vascularity, interstitial 
disease, alveolar disease, mediastinal reflections, infradia- 
phragmatic area, retrocardiac area, soft tissues of the thorax, 
larynx and trachea, pleural disease (fluid, thickening), cardiac 
abnormalities (enlargement of chambers, presence of pace- 
makers, previous surgery), and apex on the lateral view. An 
attempt was made to keep the evaluation criteria as simple as 
possible. The criteria used were: 0 = no difference between 
routine and 350 kV; +1 = better on 350 kV; +2 = seen on 350 
kV and not on routine, or much better on 350 kV; —1 = worse 
on 350 kV; —2 = not seen on 350 kV but seen on routine, or 
much worse on 350 kV; and NA - parameter being evaluated 
not applicable. 

Each of us compared the 120 and 350 kV radiographs using 
the established criteria. If findings agreed, the results were 
recorded. If there was disagreement, a consensus was reached. 
Comparisons were made in 203 sequential cases. The 120 and 
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350 kV radiographs of each patient were obtained on the same 
examination occasion. Both of us evaluated 162 cases, for a 
total of 2,430 comparisons (162 x 15 comparisons/case). The 
remaining 41 cases (615 comparisons) were evaluated by only 
one of us (E. J. Lane). Of the 2,430 comparisons made there 
was minor disagreement on 13 (about 0.596). A consensus 
opinion was easily reached in these cases. 


Results 


Data comparing the 120 kV (Cronex VI) and 350 kV 
(Cronex VI and Cronex IV) techniques are shown in 
tables 1 and 2. The 350 kV radiographs with Cronex IV 
appeared slightly more contrasty than those with Cronex 
VI, as expected (Cronex IV contrast — 3.6, Cronex VI « 
3.0) [13]. The data are combined and summarized in 
table 3. 

Mottle was slight and was recognized mainly in the 
areas of the thoracic soft tissues. While it was worse with 
the 350 kV technique, the majority of examples were in 
the —1 category. Calcification and rib detail were also 
worse, yet most of these were in the —1 category as well. 
With experience, recognition of calcium improved on the 
350 kV radiographs. The anterior aspects of the ribs 
seemed to be less well visualized than the posterior and 
lateral portions. Occasionally old rib fractures were not 
visualized. 

Pulmonary nodules were much better visualized (85%); 
many were noted only on the 350 kV radiographs. In one 
case, a nodule was not seen on the 350 kV radiograph. 
However, this study was done shortly after the 350 kV 
chest unit had been in operation, and the density setting 
had not been appropriately adjusted. The radiographs in 
question were underexposed. 

Pulmonary vascularity was identified further periph- 
erally in the lung than on the routine studies. Vascular 
definition was sharp. One point of interest in this regard 
is the exposure time used for 350 kV radiography. A 
study by Ardran and Crooks [12] has noted that most of 
the 350 kVp posteroanterior exposures were about 11 
msec. Thus one would not expect poorly defined vascu- 
lature from the average 350 kVp exposure time, since 
this time is well within the range used for routine chest 
radiography. 

Retention of well defined vasculature has been previ- 
ously reported as advantageous in that an alteration of 
this appearance can allow for early recognition of con- 
gestive heart failure [11]. In our experience interstitial 
disease was better recorded (8296), Kerley lines being 
graphically demonstrated. Alveolar disease was better 
visualized as well, not only revealing areas not seen with 
routine technique but also the extent of involvement. 

Mediastinal reflections were better imaged 97% of the 
time. By so doing. various mediastinal levels could be 
evaluated on the posteroanterior radiographs. Two ad- 
ditional benefits associated with increased mediastinal 
penetration are: (1) improved visualization of the retro- 
cardiac lung and cardiac contours, and (2) visualization 
of vertebral bodies which are not seen on routine studies 
if this area is underpenetrated. Underpenetration can 


TABLE 1 
Comparison of 120 kV (Cronex VI) and 350 kV (Cronex VI) 


Parameter +2 +1 0 -1 —2 NA 
MOL Lus sudden dd a j- CAR 5 3195 2 
Caleifiealion ..... m 4 9 100 10 19 
io AN8WRRTTATIR TN TTE Ks Ed 7 126 E us 
Nodules .........er nn 22 16 ee TUM 98 
Vasoulariby iive 22 102 18 Para 
Interstitial ............. 25 35 11 2 d 69 
AlUBOIBE i cisd ect ES 5 15 E. uos $i Weg 
Mediastinal reflections . 89 52 : nsa "ado Qe 
Infradiaphragmatic ..... 50 52 24 6 ird 10 
Retrocardiac .......... 59 46 35 2 nab- 
Soft tissues............ 10 37 71 24 
Larynx, trachea .:..s6s. 79 56 r gpa bus. Ou 
Pal EESE ENE à 11 21 BS aay Gd 77 
Cardiac abnormalities.. 4 10 10 nas hem T 
Apex on lateral ........ 13 43 69 17 ERES Zu 


Note.— Data on 142 cases. 


TABLE 2 
Comparison of 120 kV (Cronex VI) and 350 kV (Cronex IV) 


Parameter +2 +4 0 —1 —2 NA 
MOa cenana anarai ia | uis 2 59 es A 
CBlemicallon erria wa yo a i 11 30 5 15 
PI anneden en E Alin 5 53 3 Py 
POG o aonr trani 5 5 1 is T 49 
VESCUIONYY 4.3 es 11 45 4 1 a 
interstitial .....5::. oss 11 19 6 25 
PISOS ..Looaaawxe reed 3 E as 54 
Mediastinal reflections . 25 31 B zu aes TEN: 
Infradiaphragmatic ..... 9 17 26 D dus 6 
Retrocardiac .......... 9 20 31 1 a 
Soft iaBUDE < i ic sanno 2 11 39 9 
Larynx, trachea ........ 21 35 U^ ues eS TY 
FIBI | are ee Aa 4 5 B. oue aes 47 
Cardiac abnormalities.. 3 6 NC dox uw 48 
Apex on lateral ........ 6 22 24 9 


Note. — Data on 61 cases. 
* Study in which density setting was incorrect and radiographs were underexposed. 


also be a problem in the infradiaphragmatic area of the 
routine posteroanterior chest examination. The better 
penetration with 350 kV technique can allow for im- 
proved visualization of the lung bases and the upper 
abdomen. 

The trachea and larynx (when included on the radio- 
graph) were far better visualized on the 350 kV radio- 
graphs. Even when the trachea and main bronchi were 
visualized on the routine study, their margins and the 
carinal angle were improved on the 350 kV radiograph. 
Pleural and cardiac abnormalities were better recog- 
nized in 52% and 55% of the cases, respectively. 

The pulmonary apex on the lateral view demonstrated 
no change in 46% of the cases and was improved in 41%. 
The pulmonary apexes on the posteroanterior view were 
not studied as a separate parameter of evaluation but 
along with the other parameters. It is noteworthy, how- 
ever, that the decreased bony dominance of the crossing 
anterior and posterior ribs and clavicles allowed for a 
less obstructed view of the lung apexes. 

The parameter with the least improvement was the soft 
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TABLE 3 
Comparison of 120 kV (Cronex VI) and 350 kV (Cronex IV, VI) 




















350 kV 350 kV No 
Diii Better Worse Change NA 
No. No 96 No 9b 
Cu l1 XT X CPP TRETEN as —— 196 96.6 7 3.4 T 
Calcificalión$ ........ssseese su 4 2.4 145 85.8 20 11.8 34 
HEEL ETE dues ama ve dcn T 191 94.1 12 5.9 T 
BRENNEN Lu sci a laa ape ed wind ett 48 85.7 if 1.8 7 12.5 147 
VBSCülafity ose. ie eese cesses doe 180 88.7 1 0.5 22 10.8 ae 
Interstitial........................ 90 82.6 2 1.8 17 15.6 94 
| | Laocoeoesesitss s ovelei. 27 2 6.9 174 
Mediastinal reflections............ 197 97.0 Tw ix 6 3.0 bes 
Infradiaphragmatic ............... 128 68.5 9 4.8 50 26.7 16 
Retrocardiac ..................... 134 66.0 3 TS 66 32.5 
eC, ...Lieeeeve esset zun 60 29.6 33 16.3 110 54.1 
Larynx, trachea .................. 191 "m us 12 5.9 exa 
PRU «sis reste Sie Raw bacd le ribi. 41 51.9 ad. -- 38 48.1 124 
Cardiac abnormalities ............ 23 54.8 TY ed 19 45.2 161 
Apex on lateral ................... 84 41.4 26 12.8 93 45.8 








Note.— Better = +1, +2; worse = —1, -2; no change = 0; and NA = not applicable. Data on 203 cases. Total used to calcu- 
late percentage was based on sum of better, worse, and no change categories for each parameter. 
* Study in which density setting was incorrect and radiographs were underexposed. 


tissues of the thorax (3096). The soft tissue-fat planes 
seemed less well differentiated than on routine studies. 
This might be because the absorption coefficients of fat 
and soft tissues are nearly equal at 350 kV [14]. 

Figures 1-3 illustrate several of the parameters evalu- 
ated in this study. 


Discussion 
Physical Basis of 350 kV Radiography 


Several physical reasons have been offered [15] to 
explain why 350 kV chest radiography results in im- 
proved visualization compared to conventional radiog- 
raphy: absorption coefficients of bone and soft tissue, 
more uniform bone visibility, x-ray spectrum, visual re- 
sponses, and depth resolution. 

Absorption coefficients of bone and soft tissue. In 
1946, Spiers [14] demonstrated that the mass absorption 
coefficient of bone is significantly reduced, relative to 
soft tissue, at 200-5,000 kV. For example, at the conven- 
tional 90 kV, the ratio of the absorption coefficients of 
bone and soft tissue is 4.5/1, while at 350 kV the ratio is 
1.5/1 [15]. Thus better visualization of soft tissue areas 
or lesions superimposed with bone would be more likely 
since the bone would not be as dominant. The impor- 
tance of diminishing bony dominance is even better 
appreciated when one realizes that approximately 75% 
of the area of the lung field is overlapped by bone [16]. 
This decrease in bony dominance might also aid in 
recognition of pulmonary parenchymal abnormalities by 
allowing for less visual distraction from bony structures 
(i.e., the concepts of structured noise and conspicuity 
[17, 18]). 

More uniform bone visibility. This factor is somewhat 
of a two-edged sword, since there will be areas of both 
increased and decreased bony detail. In general, areas 
of typical underpenetration with conventional kilovoltage 
(mediastinum, spine) will be better visualized, while 
areas well visualized with conventional kilovoltage (ribs) 


will be less well visualized. The same applies to calcifi- 
cation. Calcification of parenchymal lesions might be 
less well visualized, while calcification of mediastinal 
areas may be more visible on the better penetrated 350 
kV chest radiograph. 

X-ray spectrum. Both thermionic and field-emission 
tubes provide x-ray photons of various energies. How- 
ever, the field-emission tube provides not only the con- 
ventional radiation between 25 and 100 keV but also the 
higher energy radiation between 100 and 350 keV. The 
low energy portion of this spectrum helps to maintain 
somewhat of the traditional appearance to the lung 
fields, while the high energy portion of the spectrum 
accounts for better mediastinal and bony penetration. 

Visual responses. The range of light intensities to 
which the eye can respond is felt to be 50/1 [19]. The 350 
kV chest radiographs are well within this range, since 
they present the eye with light intensities of 20/1. As a 
result, the blinding bright areas are eliminated as well as 
the very black areas that need “hot lighting." Thus all 
areas can be viewed simultaneously, which is not always 
possible with the conventional technique. In general the 
350 kV radiograph presents a gray appearance with 
elimination of very high contrast. We feel that such an 
appearance can aid visual perception via the Mach effect 
[20]. 

Depth resolution. Depth resolution refers to the thin- 
nest layer of tissue that will cast a detectable x-ray image 
[21]. Areas of over- or underexposure will degrade depth 
resolution by factors of 10 to 20. Since 350 kV radiogra- 
phy avoids over- or underexposure, depth resolution is 
not degraded. In effect, depth resolution is the right 
angle counterpart of lateral resolution, which is the 
smallest width of tissue resolvable by an x-ray source 
[21]. The lateral resolutions of 350 kV and routine radiog- 
raphy have been shown to be similar [22]. Consequently, 
depth resolution is of prime importance in improving soft 
tissue visibility. 
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) is visible on 350 kV film (B) but not on 120 kV radiograph (A). C and D, Patient with 
on 120 kV image (C). E and F, Patient 


Fig. 1.—A and B, Nodule in right costophrenic angle (arrow 


cess above minor fissure is better demonstrated on 350 kV film (D) than 


pneumonia. Medial extent of alveolar pro 
are visible on 350 kV film (F) as well as on 120 kV study (E). 


with pulmonary edema. Kerley B lines (arrows) 
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E "F 


Fig. 2.—A and B, Interstitial disease and cavity are better demonstrated with 350 kV radiography (B). Note also decreased rib visualization on 350 kV 


film. C and D, Although calcium is better seen on 120 kV radiograph (C), it is still recognizable on 350 kV film (D). E and F, Patient with parenchymal 
infiltrate. 350 kV study (F) demonstrates narrowing of right main bronchus (arrow) as clue to malignant origin of process. 
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Fig. 3.—A and B, 350 kV study (B) demonstrates left subclavian artery reflection (arrows) to better advantage than 120 kV film (A). Surgical wire 
sutures are visible only on 350 kV radiograph. C and D, Better demonstration of retrocardiac vessels, descending aorta, venous confluens, and 
vertebral bodies on 350 kV film (D). E and F, Patient with cryptococcosis. Left upper hemithoracic pleural component and mass effect are better seen 


on 350 kV radiograph (F). 
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Clinical Usefulness 


Since 3096-4096 of all radiographic examinations in- 
volve chest radiographs, an improved technique would 
certainly be advantageous. Information is available con- 
cerning two large clinical experiences with the 350 kV 
chest x-ray technique [10, 11]. One study [10] from 
Bellevue Hospital Center, New York City (Albert F. Kee- 
gan) included approximately 24,000 outpatient chest 
films. The advantages reported were: retake rate of 
196-296 (about 7596 lower than previously); uniformity of 
appearance for easier comparison between 350 kV radi- 
ographs on the same patient; release of patients before 
completion of processing (due to uniformity and reliabil- 
ity of results); and fewer operator decisions and adjust- 
ments. 

The other series (Oak Park Hospital, Ill. [11]) included 
more than 16,000 chest examinations. Installation was 
easily accomplished. While visualization of calcification 
was decreased, its recognition improved with experi- 
ence. Better vascular definition allowed for early diag- 
nosis of congestive heart failure as well as separation of 
vascular and nonvascular hilar shadows. Lesions super- 
imposed with bone were better visualized. Retakes were 
reduced from 10% to 296-396, and the downtime for 23 
months of use was only 20 days. 

Our study made comparisons between 350 and 120 kV 
chest radiographs using specific evaluation criteria. Im- 
proved visualization of pulmonary nodules is certainly 
helpful in assessing metastatic disease. Resection of a 
solitary metastasis or multiple metastases within a lobe 
is being performed by some surgeons [23-25]. A recent 
investigation [26] concerning kilovoltage and detection 
of nodules in a chest phantom has demonstrated mini- 
mum surface exposure and maximum nodule detection 
at 200 kVp rather than at 300 kVp. Since this study was 
performed with a radiation therapy machine, the effec- 
tive beam hardness characterized by the first half-value 
layer must be considered. In fact, Christensen et al. [26] 
note that the first half-value layer in copper for their 200 
kVp therapy technique was 1.3 mm, which is the same as 
the diagnostic 350 kVp unit. Thus while the spectra of 
both techniques might differ, their effective energies are 
similar. 

Better visualization of mediastinal interfaces is cer- 
tainly of value in the detection of early adenopathy. The 
clear demonstration of the trachea and main bronchi 
allows for improved analysis of intrinsic or extrinsic 
disease in these areas, which may be of importance in 
the overall diagnosis. The graphic demonstration of 
Kerley lines can be of significance in diagnosing intersti- 
tial edema that may not be clinically apparent. In general, 
the better demonstration of both pleural and parenchy- 
mal abnormality, whether nodular, interstitial, or alveo- 
lar, is of great help in diagnosing the presence and 
extent of disease. 

Finally, radiation dose must be considered. The en- 
trance dose, including backscatter, for an average 350 
kV PA chest is 8 mR [12], or about one-third that with 90 
kV technique. Gonadal dose has been estimated at 0.03 





mR for the 350 kV posteroanterior chest film [12]. There 
is a 17% decrease in absorbed dose for the lung fields 
and a 5096 decrease for the mediastinum [9]. In addition, 
the benefits of fewer retakes and conceivably less to- 
mography would also contribute to an overall decrease 
in patient dose. 

Those using higher contrast conventional chest radio- 
graphs may find it difficult to adjust to the 350 kV 
radiographs. However, once one becomes accustomed 
to this scale of contrast, the benefits will be realized. 
Some may find the loss of calcium and bony detail 
objectionable. Nevertheless, calcium recognition does 
improve with experience, and a low kilovoltage radio- 
graph can always be obtained if needed. 

While the recognition of unsuspected bony lesions is 
important in overall diagnosis, perhaps the rate of detec- 
tion of these unsuspected lesions in different patient 
populations could be used to determine whether this 
disadvantage is outweighed by the many other advan- 
tages of the 350 kV technique. If bony abnormality is 
clincally suspected, appropriate bone detail radiographs 
can be obtained. Not all bone is lost with high kilovoltage 
technique. 

To date, no single technique seems to give optimal 
visualization of all areas of the chest radiograph. There 
is a current trend toward higher kilovoltage in chest 
radiography (up to 150 kV). Calculations using a chest 
model have shown that depth resolution is improved 
with 350 kV compared to 150 kV for both the lung fields 
and the mediastinum [9]. Another clinical study may be 
of help to compare 350 kV and 150 kV technique. 

On the basis of this and previous clinical studies, we 
have summarized the disadvantages and advantages of 
350 kV technique. The three main disadvantages are: (1) 
slight mottle, usually recognized in soft tissue areas of 
thorax; (2) reduced visualization of calcium which im- 
proved with experience (some total loss as well as total 
gain in underpenetrated areas of routine studies); and 
(3) general loss of rib detail but better visualization of 
spine in areas of routine underpenetration. Advantages 
include: (1) better visualization of nodules, vascularity, 
interstitial and alveolar disease, mediastinal reflections, 
infradiaphragmatic and retrocardiac areas, larynx and 
trachea, and pleural and cardiac abnormalities; (2) re- 
duction in retakes; (3) facilitation of patient flow; (4) 
simplicity of installation and operation; (5) uniformity 
between examinations; and (6) decrease in radiation 
dose. 
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Tuberculosis: Frequency of Unusual Radiographic Findings 


WALLACE T. MILLER' AND ROB ROY MacGREGOR? 


The changing pattern of the radiologic presentation of 
tuberculosis was noted in a review of 100 consecutive cases 
of pulmonary tuberculosis. Active tuberculosis was not sug- 
gested as a radiologic diagnosis in 43% of the patients. Of the 
100 cases, only 66 had characteristics of reactivation tuber- 
culosis (i.e., minimal upper lobe infiltrate or more advanced 
cavitary disease). Of the other 34 patients, 18 had less usual 
presentations, making the radiographic diagnosis difficult. 
The remaining 16 patients had radiographic patterns quite un- 
usual for tuberculosis, including masslike densities resem- 
bling carcinoma; chronic infiltrates in a lower lobe; miliary 
tuberculosis, either superimposed on diffuse interstitial lung 
disease or associated with a diffuse lung pattern atypical for 
miliary disease; and normal chest radiograph. 


Introduction 


Tuberculosis is responsible for considerable morbidity 
and mortality in all areas of the world. Careful public 
health measures and the advent of chemotherapy have 
dramatically decreased the incidence of this disease in 
medically advanced countries. Nonetheless, tuberculo- 
sis still exists in such countries, particularly in large 
urban populations. There seems to be an increasing 
frequency of misdiagnosis of tuberculosis, possibly due 
to its decreasing incidence in proportion to other pul- 
monary disease. 

In 1953, when national data first became available, the 
new active tuberculosis rate in the United States was 
53.0 per 100,000 population. In 1975, this same new 
active case rate was only 15.9 per 100,000 population [1]. 
A more sensitive index to the decreasing prevalence of 
tuberculosis in the population is the tuberculin skin test 
reactivity. In Philadelphia, 16.4% of teenagers had a 
positive skin test in 1948, while only 1.4% were positive 
in 1968 [2]. 

Of the new cases of tuberculosis in Philadelphia in 
1971, 6596 were diagnosed by nontuberculosis hospitals 
(55.2%) or private physicians (9.8%) [3]. This demon- 
strates the dramatic shift in the care of the tuberculous 
patient from the tuberculosis sanatorium to the commu- 
nity hospital. In this setting, misdiagnosis of the disease 
is much more likely to occur [4] for several reasons. The 
tuberculosis patient is now usually diagnosed and 
treated by physicians who do not have a primary interest 
in this disease, or even a special interest in pulmonary 
medicine or infectious disease. The recent decreased 
incidence of tuberculosis has created a group of physi- 
cians with little experience in this disease. They may fail 
to recognize the usual manifestations of the disease and 
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are even more likely to overlook the unusual ones. 
Tuberculosis in the adult is more likely to be associated 
with an unusual radiographic pattern than in the past [4]. 
taking the initial thrust of the diagnosis in a direction 
other than tuberculosis. The continuing need for the 
proper diagnosis of tuberculosis and especially the 
changing pattern of its radiographic manifestations led 
to this review. 


Subjects and Methods 


We reviewed 100 consecutive cases of culture-proven pul- 
monary tuberculosis seen in a 4 year period (1971-1975) at the 
Hospital of the University of Pennsylvania. Criteria for inclusion 
were availability of both hospital chart and radiographs and at 
least one positive culture for Mycobacterium tuberculosis. Sev- 
eral cases of nonpulmonary tuberculosis with negative sputum 
cultures for M. tuberculosis were not included. Two cases of 
scrofula with mediastinal adenopathy, one case of hip tubercu- 
losis with positive chest film and sputum culture, and one case 
of meningitis with miliary pulmonary tuberculosis are included. 
In this 4 year period, the nonpulmonary tuberculosis cases 
encountered were: meningitis, four cases; genitourinary, five 
(two bladder, three kidney); scrofula, eight; and bone and joint, 
two (one spine, one hip). 

Of the 100 cases with proven pulmonary tuberculosis, 55 
were men and 45 women; age range was 19-78 years (average 
for men, 59; for women, 49.6). Blacks constituted 5996 of the 
study group; in this hospital population, they represent 42% of 
the admissions. 

Most of the 100 patients in this study were over 40 years of 
age, consistent with the national shift in the incidence of active 
pulmonary tuberculosis from predominantly young adults to 
older persons [1, 5, 6]. Andvord [7] and Frost [8] suggested that 
this shift in the incidence of secondary tuberculosis is a function 
of the prevalence of infection during the patients' youth. Since 
public health measures and chemotherapy have greatly reduced 
the incidence of infection in children in the past 35 years, the 
greatest numbers of dormant tuberculous foci are in the older 
population. 

Diagnosis in all instances was made by positive culture or 
biopsy. All patients with pulmonary tuberculosis and two of the 
patients with miliary disease had positive sputum culture. Diag- 
nosis of pulmonary tuberculosis was made by surgical removal 
of a pulmonary tuberculoma in two patients; sputum from one 
subsequently grew M. tuberculosis. One case of lower lobe 
tuberculosis and two cases of miliary tuberculosis were diag- 
nosed by lung biopsy. All cases of tuberculosis adenitis were 
diagnosed by biopsy. One case of disseminated tuberculosis 
had positive cultures from the meninges and lung; another had 
positive cultures from pleura, lung, and abdominal nodes. Five 
patients with mass lesions had tuberculosis in the resected 
specimen with subsequent positive culture from the specimen. 
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TABLE 1 
Clinical History 











Positive 












































No. 
Symptom Questioned No. % 
LOUUR esa sede eh ci exe E mds 78 62 79 
Anorexia, weight loss* ........ 76 58 76 
FPEM TE se p eEpEAYerVId D d To 34 45 
Sweats, chill&.........2 22 os 72 43 60 
Fatigue, malaise .............. 63 35 56 
HemopiysiS. es eese enr ga 68 17 25 
Exposed to tuberculosis ....... 60 13 22 
Active tuberculosis in past ..... 46 Tt 15 
Past skin test performed ....... 351 9 26 
* Average weight loss, 10 kg. 
t An additional four may have had active tuberculosis. 
t Skin test had been performed on 27 of the 35 questioned. 
TABLE 2 
Physical Findings on Admission 
Positiv 
Sign Tec ain 
No % 
POO Coca RRRPERX Y 100 15 15 
VON eee ry na 83 29 35 
Pulmonary rales ....... 88 25 28 
Dullness ...... cos 88 24 27 " 
Adenopathy ........... 12 9 75 Fig. 1.—Far advanced tuberculosis in 72-year-old black male with 
Hepatomegaly ......... 85 17 20 fever, hemoptysis, and 18 kg weight loss. Extensive cavitary disease in 
left lung with bronchogenic spread to right. 
Splenomegaly ........ 84 5 56 
* Over 37.8°C. 
TABLE 3 
Chest Radiography 
Finding Patients 
Usual reactivation tuberculosis: 
Extensive, obvious tuberculosis................... Sr 
Minimal tuberculosis: 
Described as "old" ....siecs cesses run hua 12 
Described as "active" ......iieioeessesuessh rn 19 
Less usual tuberculosis: 
Primary tuberculosis: 
Pleural effusion: 
PERI uus voee dena des dub ad toda acer 3 
DICE pve pce aw b Y ward baie ri 4 
Mediastinal or hilar adenopathy ................. 4 
Miliary infiltrates Lec ke ERE VIaderES PER AE LEYG 4 
POS 6. fos 65a ee eo aaa DG E Cp DERI oe de e ads Xv 3 
POUMO NOII LI sia uda acidi bio bcr E cd EY 2 
Unusual tuberculosis: 
Compilelely cIBar . ..issssesusaa rh e yr RR 3 
Masslike density called carcinoma: Fig. 2. — Minimal tuberculosis in 38-year-old. female with chronic 
Usual location for tuberculosis.................. 2 cough. Prominent infiltrate in right upper lobe. Diagnosis of this type of 
Unusual location for tuberculosis ............... 5 tubarcuiosis i generallyna prablem. 
Chronic infiltrate, unusual location for tuberculosis 4 
Miliary tuberculosis superimposed upon diffuse in- pulmonary signs and only 35% had a temperature above 37.8°C 
terstitial lung disease ...................... 1 at any point during hospitalization. 


Miliary tuberculosis, atypical pattern .............. 


Radiographic Findings 


The results of chest radiography are listed in table 3. 


Symptomatology is shown in table 1. Cough and weight loss Far Advanced Tuberculosis 
were common, seen in more than 75% of all the patients. Fever l 
was present in less than 50% and hemoptysis in 25% of the There were 37 patients with extensive cavitary tubercu- 
patients. Physical findings on admission usually were not help- losis, unilateral or bilateral (fig. 1). These cases are gen- 
ful (table 2). Less than one-third of the patients had abnormal erally not a diagnostic problem in a large urban hospital 
e. 
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Fig. 3.—Chronic pleural tuberculosis with radiographically stable pulmonary infiltrate in 45-year-old black male with 2.3 kg weight loss and night 
sweats. No apparent change in chest films 6 years apart. Three sputum cultures were positive for M. tuberculosis. Despite unchanging character of 
loculated pleural collection, fluid was present in pleural space and pleural biopsy was positive. 


where tuberculosis is seen frequently. Nonetheless, in 
several instances, the diagnosis of tuberculosis was not 
suggested. In retrospect, many of these cases were 
rather obvious far advanced tuberculosis. Misdiagnosis 
of this type of disease occurred most commonly in 
patients who were quite ill and often admitted to the 
intensive care unit. The extensive infiltration was thought 
to represent aspiration pneumonia or lung abscess. Two 
of these patients died from respiratory failure, presum- 
ably secondary to their far advanced disease. 


Minimal Tuberculosis 


Nineteen patients were correctly diagnosed as having 
minimal active tuberculosis (fig. 2). However, 12 patients 
who were thought to have old or stable tuberculosis 
subsequently proved to have active disease. These pa- 
tients were identified through a tuberculin skin test and 
one or more sputum specimens. These cases illustrate a 
very important point in the radiographic reporting of 
apical scarring. Without films dating back at least 6 
months, an accurate statement regarding the stability of 
a tuberculous lesion cannot be made; all of these lesions 
should be reported as "tuberculosis, activity indetermi- 
nate." Even in patients with unchanging radiographic 
tuberculous scars, active tuberculous infection can still 
be present on sputum culture. Consequently, these pa- 
tients should be reported as “radiographically stable" 
rather than “inactive” [9]. Three cases in this series had 
positive cultures for M. tuberculosis despite radio- 
graphically stable lesions (fig. 3). 





Primary Tuberculosis 


Although primary tuberculosis has long been con- 
sidered a disease of childhood, this is no longer an 
accurate concept in the United States [4, 10-12]. Only a 
small percentage of patients have a positive skin test as 
adults, indicating that they are susceptible to the de- 
velopment of the primary disease process. The hallmark 
of primary tuberculosis is hilar or mediastinal 
adenopathy or pleural effusion (10 patients, figs. 4-7). 
Many of the cases of lower lobe infiltration or masslike 
densities, which are considered unusual characteristics 
of tuberculosis, may also represent primary tuberculosis. 
If these cases are included, then a full 19% of our cases 
represent primary tuberculosis. In a recent report em- 
phasizing the unusual radiographic appearance of the 
disease, Kahn et al. [4] found that 13.5% of their patients 
had primary tuberculosis. 

Adenopathy. Four cases had mediastinal and hilar 
adenopathy, two bilateral and two unilateral. One patient 
also had a pulmonary infiltrate and pleural effusion, and 
tuberculosis was suspected. The other three cases were 
diagnosed as sarcoidosis. One of these patients (fig. 5) 
subsequently developed a pneumonialike infiltrate in the 
right lower lobe which did not clear on antibiotic therapy. 
Diagnosis was made by mediastinal biopsy in two pa- 
tients and by sputum smear in the other two. 

Sarcoidosis is a common disease usually associated 
with mediastinal adenopathy. However, tuberculosis may 
show a similar pattern, [12]. Tuberculosis should be 





870 MILLER AND MacGREGOR 


Fig. 4. — Mediastinal adenopathy in 38-year-oid black male with 6.8 kg 
weight loss. Original diagnosis was sarcoid, but mediastinal node biopsy 
and cultures were positive for tuberculosis. 





Fig. 5. — Mediastinal adenopathy and right lower lobe infiltrate in 24- 
year-old black female with uveitis. Initially, patient had only mediastinal 
adenopathy but developed right lower lobe infiltrate 3 weeks later. 
Sarcoidosis was thought to be likely diagnosis. After pulmonary infiltrate 
appeared, sputum became positive for M. tuberculosis. 


suspected when the adenopathy involves only one hilum. 
All diagnoses of sarcoid should be confirmed by biopsy 
to show that noncaseating rather than caseating 
granulomata are present; culture of the surgical speci- 
men is also important, since not all tuberculous nodes 
will show caseation. 


Two other patients had coexisting mediastinal 








Fig. 6.— Pleural tuberculosis in 26-year-old black male heroin addict 
with fever and 6.8 kg weight loss. Pleural biopsy and culture from left 
pleural effusion were positive for M. tuberculosis. 





Fig. 7. — Pleural tuberculosis with bronchopleural fistula in 62-year-old 
black male. Long-standing fibrothorax on left with extensive pleural 
thickening and pleural calcification. Air-fluid level (arrow) developed at 


left base 1 year after his last film. Pleural biopsy and culture revealed 
M. tuberculosis. 


adenopathy as well as cervical adenitis. Six additional 
patients had cervical adenitis only diagnosed by lymph 
node biopsy; sputum cultures were negative for M. 
tuberculosis. Therefore, these six cases are not included 
in this review, although some may represent primary 
tuberculosis. 

Pleural Effusion. Seven cases in this study had unilat- 
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Fig. 8.—Miliary tuberculosis in 64-year-old female 
with cough, low grade fever, and 4.5 kg weight loss. At 
this stage, miliary tuberculosis is relatively easy to 
recognize. 


eral pleural effusion (figs. 6 and 7), including five cases 
in which it was the only radiographic finding. Pleural 
effusion is generally considered to be a manifestation of 
primary tuberculosis [4, 10, 13, 14]. However, two of our 
patients with pleural effusion had a long-standing history 
of pleural disease with loculated effusions that were 
stable for years and thought to represent old pleural 
thickening. One of these patients subsequently de- 
veloped pulmonary infiltration and one a bronchopleural 
fistula. Both had M. tuberculosis cultured from loculated 
pleural collection. Thus, although we have included all 
cases of pleural effusion as primary tuberculosis, it is 
likely that some cases, especially if loculated and long 
standing, represent secondary disease. 


Miliary Tuberculosis 


Seven patients had miliary tuberculosis (figs. 8 and 9). 
One patient, admitted with the diagnosis of schizo- 
phrenia, was found to have meningeal tuberculosis. The 
chest film was originally interpreted as normal but in 
retrospect showed multiple miliary nodules. In two other 
cases, miliary tuberculosis was strongly suspected. In a 
fourth case, tuberculosis was considered but thought to 
be less likely than hypersensitivity lung disease. Tuber- 
culosis was subsequently proven in all four cases and all 
cases responded to drug therapy. 

Three patients had a rather unusual radiologic pattern 
for miliary tuberculosis. All three had initial respiratory 
failure and extensive diffuse interstitial lung disease for 
several weeks to several months. These were compli- 
cated by superimposed miliary tuberculosis which was 





Fig. 9.—Miliary tuberculosis in 72-year-old male with cardiac and 
pulmonary failure. Patient had prior interstitial lung disease and was felt 
to have pneumonia and/or pulmonary edema. Autopsy revealed miliary 
tuberculosis. 


diagnosed by lung biopsy (two cases) or autopsy (one 
case). The diagnosis was quite difficult because of the 
underlying preexisting lung disease. In each case, there 
was a change in the sequential chest film to a miliary 
pattern which could be identified in retrospect as consis- 
tent with miliary tuberculosis. 

The radiographs in one of these patients improved 
somewhat after therapy for tuberculosis but did not 
revert completely to normal. The other two patients 
expired from miliary tuberculosis. These three cases 
emphasize the importance of suspecting miliary tuber- 
culosis in chronically ill patients. The radiographic ap- 
pearance of early miliary tuberculosis may be overlooked 
unless searched for carefully. Conversely, the patient 
with very extensive miliary tuberculosis may show such 
an unusual lung pattern (fig. 9) that miliary tuberculosis 
is not suspected. One patient with miliary tuberculosis in 
this series was on immunosuppressive drugs, and this 
type of disease must be suspected in such patients. 


Pneumothorax 


One patient had a pneumothorax and unsuspected 
tuberculosis (fig. 10). A second patient had a 
pneumothorax associated with far advanced tuber- 
culosis. Tuberculosis is a known albeit unusual etiology 
of pneumothorax. On films after reexpansion of a 
pneumothorax, an apical infiltrate should be searched 
for carefully. Such an infiltrate was identified in the one 
case with unsuspected tuberculosis, but was incorrectly 
interpreted as an "old scar." Again the necessity of 
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Fig. 11.—Tuberculous nodule in asymptomatic 30- 
year-old female. Nodule in superior segment of right 
lower lobe was diagnosed as tuberculosis at surgery. 


reporting any apical lesion as one of indeterminate 
activity is emphasized. 


Tuberculoma 
Three patients had solitary nodules, two in the superior 
segment of the lower lobe and one in the anterior 








Fig. 10.—Pneumothorax and apical infiltrate in 69-year-old male with 
pneumothorax (A). On reexpansion, infiltrate noted in right upper lobe 
(B) was considered old tuberculous scar. Patient subsequently expired; 
active tuberculosis was cultured from right apical lesion. 


segment of an upper lobe. Other patients had nodules in 
the upper lobe, but since tuberculosis was already con- 
sidered, these were not thought to be diagnostic prob- 
lems. Other authors [4, 15] have reported multiple 
nodules as diagnostic problems in that they suggest 
metastatic tumor. No such cases were encountered in 
this review, although some have been seen previously at 
this institution. 

A solitary nodule requires pathologic identification; 
consequently, diagnosis was made in two patients after 
surgical removal of the nodule (fig. 11). In the third, 
diagnosis was made by a positive smear; treatment with 
antituberculous drugs resulted in disappearance of the 
nodule. 


Masslike Densities 


Seven patients had masslike densities (fig. 12) which 
were felt to most likely represent carcinoma of the lung. 
Five of these were in locations unusual for tuberculosis: 
one each in the anterior segment of the upper lobe, 
lingula, and middle lobe, and two in the lower lobe. 
These five lesions may represent another manifestation 
of primary tuberculosis. Two lesions were in the pos- 
terior segment of an upper lobe. Tuberculosis should not 
be suggested for every mass lesion of the chest. How- 
ever, this possibility must be considered in patients with 
benign pulmonary cytology. 


Basilar Infiltrates 


Four patients had chronic infiltrates in a lower lobe 
representing basilar tuberculosis (fig. 13). These infil- 
trates were generally thought to represent chronic in- 
flammatory disease or a poorly responsive pneumonia; 
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tuberculosis was not suspected in any case. Diagnosis 
was made in one patient by thoracotomy and in the other 
three by positive smear and culture. These patients may 
also represent primary tuberculosis, although reactiva- 
tion tuberculosis may occasionally involve the lower 
lobe. 


Normal Chest Film 


Three patients with positive sputum cultures for M. 
tuberculosis had a normal chest film, even in retrospect. 
One of these patients had coexisting tuberculosis in a 
transplanted kidney and was on immunosuppressive 
drugs. The other two patients had unexplained fevers 
and sputum cultures for M. tuberculosis which became 
positive after they left the hospital. These patients could 
conceivably represent primary tuberculosis with a very 
minute focus of infection, or they may represent reactiva- 
tion tuberculosis with subradiographic pulmonary le- 
sions. Miliary tuberculosis is also a consideration, but 
none of the patients subsequently developed diffuse 
infiltrates or systemic symptoms of miliary disease. 
These three cases illustrate a point in the course of 
pulmonary tuberculosis when a radiographically visible 
lesion is not yet present and yet the patient has a positive 
culture [16]. There certainly is no way that tuberculosis 
can be suspected in this instance. 


Radiographic Reports 


In reviewing the original radiographic reports issued 
on the 100 patients, we found that a positive diagnosis of 
active tuberculosis was made in 50 cases. Tuberculosis 
was mentioned as a possibility but not a primary diag- 
nosis in seven patients. A diagnosis of old tuberculosis 
or apical tuberculous scarring was made in 14 patients. 
Tuberculosis was not mentioned as a diagnostic possibil- 
ity in 29 patients. Of these, three had a normal chest 
radiograph, even in retrospect. Thus in 26% of the cases, 
the diagnosis of pulmonary tuberculosis was not 
suggested by the radiologist in the face of chest radio- 
graphic findings which subsequently proved to be tuber- 
culosis. 

The failure of the radiologist to alert the clinician to the 
possibility of pulmonary tuberculosis frequently led to 
long delays in the institution of therapy in many of the 
patients in this report. Tuberculosis was not suspected 
initially by the clinician in 42% of our cases; 20% actually 
were discharged from the hospital without any antituber- 
culous therapy, since the cultures did not become posi- 
tive until after discharge. One patient was told that he 
had inoperable carcinoma of the lung; when his cultures 
grew M. tuberculosis several weeks later, he was located 
in Italy where he was making a “last pilgrimage” before 
his "impending death." 

In some cases, the cause of the delay could not be 
attributed to the radiologist. In several instances, a 
correct diagnosis of active or possibly active tuber- 
culosis was suggested by the radiologist but ignored by 
the referring physician. To prevent this, a mechanism 
has been instituted in our hospital to follow all patients in 
whom tuberculosis is suggested on the radiographic 
report. 








i 


Fig. 12.—Masslike density in asymptomatic 79-year-old male. Right 
lower lobe mass was diagnosed as tuberculosis at surgery. 


EMONWER ce 
= 
v s 
Barat à 
is T€ 





Fig. 13.-Lower lobe infiltrate in 32-year-old female. Smears and 
cultures of chronic right lower lobe infiltrate were positive for M 
tuberculosis. 


Discussion 


Concepts of the pathogenesis of "secondary tubercu- 
losis’ have changed during the past 15 years. Until 
recently, many believed that secondary tuberculosis re- 
sulted from reinfection of a person previously sensitized 
to tubercle bacillus. This implied a second contact with 
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tuberculosis as an adult. Current concepts of the patho- 
genesis of tuberculosis, as elaborated by Stead and 
colleagues [17, 18], are as follows. The primary tubercu- 
lous lesion nearly always occurs in the well ventilated 
(lower) portions of the lung. After implantation, the 
tubercle bacillus grows and multiplies with little or no 
immediate tissue response. Eventually, a few bacilli 
reach the circulation through pulmonary veins and lym- 
phatic channels and are widely disseminated. The bacilli 
implant and multiply in organs with a milieu favorable 
for growth, usually in an area of high oxygen tension. 
This implantation occurs most commonly in the apices 
of the lungs, and more rarely in the kidneys, brain, or 
bone. Lymphatic drainage into the mediastinum also 
results in tuberculous growth in lymph nodes, and rup- 
ture of a small tuberculous focus into the pleura may 
result in a pleural effusion. 

The 4-6 week interval between development of the 
primary and secondary lesions results from the time 
required for the host to develop specific cell mediated 
immunity (delayed hypersensitivity). During this phase, 
organisms disseminate from the primary focus of infec- 
tion to other susceptible parts of the body. When cell- 
mediated immunity develops, these sites attract inflam- 
matory cells; this results in granulomatous lesions which 
inhibit multiplication of tubercle bacilli. Thus if the im- 
mune response in the host is excellent, metastatic foci 
do not develop to a significant degree, and the patient 
remains asymptomatic. 

There are several possible clinical outcomes, depend- 
ing primarily on the host immune defense mechanism. 

1. In the presence of an excellent host defense, the 
patient may have no residual pulmonary findings and no 
clinical finding other than a positive tuberculin skin test. 

2. In a complete failure of host defense mechanism, 
the patient may develop miliary tuberculosis. 

3. When the host defense mechanism is fairly ade- 
quate, the patient may develop small foci of metastatic 
tubercle bacilli in the apex of the lung or perhaps in the 
kidney or bone. These lesions are walled off by the host 
defense mechanisms and may lie dormant for months or 
years; they may reactivate, possibly as a result of concur- 
rent inhibition of the host cell-mediated immune defense 
(e.g., by steroid therapy, debilitating illness, malignancy, 
or old age). 

4. |f the patient has a poor initial immune response, 
primary infection may develop directly into some mani- 
festation of secondary tuberculosis such as apical dis- 
ease, lymphadenitis, or bone or renal tuberculosis. 

The radiographic manifestations of the pulmonary as- 
pects of this disease vary with the stage of the illness. In 
primary tuberculosis, there is a localized pulmonary 
infiltrate, usually in the lower lung field. This may be 
accompanied by hilar or mediastinal adenopathy or by a 
pleural effusion; frequently these are the only radio- 
graphic manifestations of primary tuberculosis. Reacti- 
vation (secondary) tuberculosis generally occurs initially 
in the apical or posterior segment of one of the upper 
lobes or the superior segment of a lower lobe. When 


disease becomes more extensive, other pulmonary seg- 
ments may subsequently become involved. The early 
lesion of reactivation tuberculosis is usually a fluffy or 
strandlike infiltrate in an apical portion of the lung, 
possibly accompanied by pleural thickening. 

As the disease becomes more extensive, cavitation 
frequently develops in the lesion and there is endobron- 
chial spread to other areas of the lung, often to the 
superior segment of the contralateral lung. More exten- 
sive far-advanced tuberculosis is almost invariably ac- 
companied by cavitation, although tomography may be 
necessary to demonstrate this. 

While these are the accepted radiographic findings in 
tuberculosis, this study suggests that there are other, 
somewhat unusual, manifestations of tuberculosis which 
must be considered in the diagnosis of this disease. As 
tuberculosis becomes less common, the radiologist and 
the clinician must remain aware of its existence, partic- 
ularly in the urban population. They also should be 
aware of the increasing frequency of a radiographic 
appearance of the disease not generally described in the 
textbooks. 


REFERENCES 


1. 1973 Tuberculosis Statistics, States and Cities. Washing- 
ton, D.C., Department of Health, Education & Welfare, July 
1974 

2. Stein S: Tuberculous infection in a city. Am Rev Respir Dis 
99:298-303, 1969 

3. Stein S: Annual TB Report, City of Philadelphia, 1971 

4. Kahn MA, Kovnat DM, Bachus B, Whitcomb ME, Brody JS, 
Snider GL: Clinical and roentgenographic spectrum of 
pulmonary tuberculosis in the adult. Am J Med 62:31-38, 
1977 

5. Mayock RL, MacGregor RR: Diagnosis, prevention and 
early therapy of tuberculosis. DM 22:3-60, 1976 

6. MacGregor RR: A year’s experience with tuberculosis in a 
private urban teaching hospital in the postsanatorium era. 
Am J Med 58:221-227, 1975 

7. Andvord KF: What can we learn by studying TB by genera- 
tions? Nor Mag Laegevideskaben 91:642-647, 1930 

8. Frost WH: The age selection of mortality from tuberculosis 
in successive decades. Am J Hygiene 30:91-96, 1939 

9. Diagnostic Standards and Classification of Tuberculosis. 
New York, National Tuberculosis and Respiratory Disease 
Association, 1969 

10. Roper WH, Waring JJ: Primary serofibrinous pleural effu- 
sion in military personnel. Nat/ Tuberc Assoc Trans 48:150- 
156, 1952 

11. Friedenberg RM, Isaacs M, Elkin M: The changing roent- 
genologic picture in pulmonary tuberculosis under modern 
chemotherapy. Am J Roentgenol 81:196-206, 1959 

12. Kittredge RD, Finby N: Bilateral tuberculous mediastinal 
lymphadenopathy in the adult. Am J Roentgenol 96:1022- 
1026, 1966 

13. Badger TL: Tuberculosis. N Engl J Med 261:30-36, 131- 
139, 1959 

14. Myers JA, Bearman JE, Dixon HG: The natural history of 
tuberculosis in the human body. Am Rev Respir Dis 87 : 354- 
369, 1963 


UNUSUAL PATTERNS OF TUBERCULOSIS 875 


15. Sochocky S: Tuberculoma of the lung. Am Rev Tuberc 17. Stead WW: The iceberg of medicine, tuberculosis. Radio! 


78:403-410, 1958 Clin North Am 3:299-304, 1965 

16. MacGregor RR, Clark LW, Bass F: The significance of 18. Stead WW, Kerby GR, Schlueter DP, Jordah CW: The 
isolating low numbers of mycobacterium tuberculosis in clinical spectrum of primary tuberculosis in adults. Ann 
culture of sputum specimens. Chest 68:518-523, 1975 Intern Med 68:731-735, 1968 








1979 AARS Meeting 


Advance information of the 79th annual meeting of the 
American Roentgen Ray Society appears on page 1005 
of this issue. 





Thoracic Effects of Therapeutic Irradiation for Breast Carcinoma 


JACK E. MEYER' 


Therapeutic irradiation produces alterations in normal tis- 
sue which, when visible on diagnostic x-ray examinations, 
may be confused with recurrent tumor or other unrelated 
conditions. Therapeutic irradiation of breast carcinoma may 
produce gross effects in the lungs, bone, breast, heart and 
great vessels, esophagus, liver, and spinal cord. The radio- 
graphic appearance of such changes is presented and con- 
trasted with changes secondary to the malignancy itself or 
benign inflammatory processes. Recognition is imperative for 
proper management. 


Introduction 


The separation of training in diagnostic and therapeu- 
tic radiology has diluted the appreciation of the radio- 
graphic changes produced by therapeutic irradiation. 
The diagnostic radiologist has the first opportunity to 
observe these changes and thus should be familiar with 
the abnormalities and their clinical implications. 

The radiotherapeutic treatment plan for breast carci- 
noma localized to the chest wall and lymph nodes varies 
slightly in different centers as to portal size, total dose, 
fractionation, and treatment modality. A typical treat- 
ment portal for the lymph nodes and chest wall is shown 
in figure 1A, The area encompassing the axillary apex, 
supraclavicular, infraclavicular, and internal mammary 
node-bearing areas is treated through a single anterior 
portal with supplementary treatment to the axilla through 
a posterior portal. The chest wall is treated using op- 
posed medial and lateral tangential portals. The amount 
of underlying lung and pleura irradiated depends on the 
convexity of the rib cage. The treatment portal in figure 
1B indicates the amount of lung irradiated in a patient 
with average chest convexity. The total dose delivered to 
the nodes and chest wall is usually 4,500-5,000 rad given 
in 3-4 weeks at 200-300 rad/day. If the breast has not 
been removed or if limited surgery has been performed, 
the treatment portals are similar, but the total dose to 
the breast is 6,000 rad in 6 weeks with additional local- 
ized treatment to the tumor site. 

The survey of radiologic changes which follows is 
based on an analysis of patients treated or evaluated for 
breast carcinoma at Pondville Hospital. The two treat- 
ment portals described serve as a reference for most of 
the changes presented. 


Radiologic Changes 
Lung 


The acute radiation effect generally does not appear 
on chest films until at least 8 weeks after completion of 
treatment if standard fractionation schedules are used. 
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Changes may vary from no visible abnormality or a 
minimal increase in density to a dense area of consoli- 
dation conforming to the treatment portal margins [1]. 

Acute phase. The linear infiltrate in the left lung (fig. 2) 
developed 12 weeks after completion of postmastectomy 
lymph node irradiation. It was associated with slight 
hemoptysis and a cough and resolved slowly without 
specific treatment. The patient shown in figure 3 devel- 
oped a fever and cough 10 weeks after tangential irradia- 
tion of the left chest wall. The dense lung consolidation 
corresponded with the treatment portal and subsided 
after medical management with antibiotics and hydro- 
cortisone. The chest film was clear in 2 months. A 
combination of acute changes secondary to comprehen- 
sive treatment of the right chest wall and nodal areas is 
shown in figure 4, 16 weeks after treatment. 

Chronic phase. About 6 months after treatment the 
appearance stabilizes, and the chronic phase of fibrosis. 
retraction, and loss of volume becomes apparent. The 
only visible abnormalities may be subtle pleural thicken- 
ing and slight loss of volume with linear stranding 
extending from the hilum superiorly. The patient in 
figure 5 received radiation therapy to both the chest wall 
and lymph node areas. Asymptomatic apical and para- 
mediastinal fibrosis was present 2 years after treatment. 
Residual pleural thickening secondary to tangential irra- 
diation is demonstrated in figure 6 and was identified 7 
months after treatment. 

Histology. The histologic changes apparent within 3 
months after lung irradiation include: (1) fibrin-rich 
membranes lining the alveoli; (2) thickening of the alveo- 
lar septae; (3) atypia and hyperplasia of the alveolar 
lining cells with desquamation into the alveolar lumen; 
and (4) vascular changes manifested by edema of the 
small vessels [1, 2]. Chronic changes noted 6 months 
after irradiation include dense fibrosis, thickening of 
alveolar walls and a decrease in fine vasculature and 
gross architectural abnormalities, similar to those in 
nonspecific pulmonary fibrosis [3]. 

Incidence. The incidence of visible lung abnormalities 
on chest radiographs is determined by the field size, 
shape, daily dose, number of fractions, and total elapsed 
days. The incidence of visible changes is very low for a 
fractionated dose of 3,000 rad or less, but generally will 
be visible when a dose of 4,000 rad or greater is em- 
ployed. This is tempered by other factors including 
individual sensitivity and extent of underlying lung pa- 
renchymal disease. The symptoms related to the radio- 
graphic changes vary from slight cough and malaise to 
an acute febrile illness with chest pain, cough, and 
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dyspnea [4]. Dense areas of consolidation may be asso- 
ciated with only slight symptoms, whereas minimal radi- 
ographic changes occasionally are related to severe 
coughing and infrequently hemoptysis. 

Differential diagnosis. Routine chest x-rays are per- 
formed on all asymptomatic breast cancer patients 2 
months after irradiation and then at 6 month intervals. 
Any lung parenchymal abnormality in a cancer patient 
with a history of previous irradiation must be differen- 
tiated from locally recurrent tumor, metastatic disease, 
lymphangitic spread, or infection. 

If radiation effects are visible in the lung, the contour 
of the abnormality remains quite stable commencing 6 
months after the completion of treatment. Any notable 
alteration on follow-up examination should be consid- 
ered strong evidence for recurrent tumor. Lymphangitic 
spread of tumor is often associated with septal lines, and 
the patient may have respiratory difficulty out of propor- 
tion to the amount of visible lung involvement. It is also 
helpful to correlate the distribution of the lung parenchy- 
mal changes with the radiation portal, since radiation 
effects rarely extend beyond the treatment margins. 
Infection, especially tuberculosis, may be difficult to 
differentiate from radiation effect because of the propen- 
sity for involvement of the lung apexes. Pleural effusion 
as a direct result of radiation is quite unusual and almost 
always signifies recurrence of tumor [5]. 

Pneumothorax. Spontaneous pneumothorax is known 





Fig. 1.—A, Typical treatment portal 
for nodal and chest wall irradiation. 
Arrows outline area of chest wall irra- 
diated by tangential opposed portals. 
Abutting anterior portal encompasses 
internal mammary, supra- and infra- 
clavicular nodes, and apex of axilla.B, 
Treatment portal of tangential chest 
wall irradiation. Upper arrow indicates 
axilla. 


to occur in both malignant lung disease and pulmonary 
fibrosis of any etiology. A recent report describes this 
complication [6]. The patient in figure 7 developed a 
spontaneous pneumothorax 15 weeks after lymph node 
irradiation. 


Bone 


Therapeutic irradiation of the adult bone may cause 
radiographic changes ranging from demineralization 
and trabecular thickening to pathologic fracture, bone 
necrosis, and even malignant degeneration. Vascular 
damage is probably the basic cause of these changes; 
however, a direct effect on the osteoblast and osteoclast 
most likely has some influence on the future response of 
the irradiated bone to trauma or infection. The threshold 
dose of fractionated megavoltage irradiation which can 
lead to development of bone abnormalities is thought to 
be 4,000 rad [7, 8]. Relative bone absorption of orthov- 
oltage radiation is much higher; thus complications 
associated with its use are more frequent and may occur 
at lower doses. 

Bone changes secondary to radiation are usually (1) 
confined to the treated area; (2) associated with bone 
demineralization and/or trabecular thickening; (3) show 
no expansile destruction; (4) generally do not occur until 
2 years after irradiation; (5) usually are not painful unless 
fracture occurs in a weight-bearing bone or secondary 
infection develops [9, 10]. On the other hand, metastatic 
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Fig. 2.— 62-year-old female with left simple mastectomy for carcinoma 
and 4,800 rad in 3'/2 weeks to lymph node-bearing areas with 4 MeV 
linear accelerator. Mild cough and one episode of hemoptysis developed 
12 weeks after completion of treatment. Linear infiltrate (arrows) in left 
upper lobe secondary to radiation was initially thought to be tuberculo- 
sis. 


disease shows sharply defined areas of lytic destruction, 
often associated with some sclerosis, may be expansile, 
and in most instances causes pain. 

Recognition of a radiation-induced abnormality is im- 
portant since biopsy may precipitate infection in the 
irradiated bone. Demineralization and trabecular thick- 
ening are the earliest findings. Pathologic fracture may 
occur without trauma or pain, especially in non-weight- 
bearing bones. 

Rib fractures secondary to radiotherapy (fig. 8) show a 
radiolucent cleft with slight sclerosis at the margins. 
These were painless, discovered coincidentally on a 
routine chest x-ray 2 years after tangential irradiation, 
and have not healed completely during the subsequent 2 
year follow-up. Fractures of this nature usually heal over 
an extended period but occasionally remain ununited. 
Pathologic fractures of the clavicle and upper ribs are 
shown in figure 9. These ununited fractures were not 
painful and developed following very minor trauma 5 
years after orthovoltage treatment to the chest wall and 
lymph nodes. 

Severe changes leading to bone necrosis are outlined 











Fig. 3.—67-year-old female who had lumpectomy for carcinoma of left 
breast followed by 4 MeV tangential irradiation to level of 5,600 rad in 6 
weeks. Cough, fever, and bloody sputum developed 10 weeks after 
treatment. Dense consolidation in left lateral chest conformed to tangen- 
tial irradiation portal. 


in figure 10. Marked limitation of motion and pain ensued 
5 years after orthovoltage irradiation to the axilla. Pro- 
gressively severe radiation changes developed over the 
next 2 years. 

If complicated by infection, destruction of bone and 
clinical pain may be prominent features. The patient in 
figure 11 developed pain 6 years after nodal and chest 
wall irradiation to levels of 5,000 rad. Mistakenly, an 
additional 2,000 rad was given because an osteolytic 
area developed; however, pain was not relieved. A biopsy 
showed the lytic area to be osteomyelitis. 


Postirradiation Sarcoma 


Numerous reports on development of bone and soft 
tissue sarcomas in areas treated with therapeutic radia- 
tion have been published [9-13]. A latent period of 4 
years is considered minimal, and a biopsy from the 
irradiated area is imperative to distinguish the changes 
from metastases or infection complicating radiation ne- 
crosis. Radiation-induced sarcoma can be distinguished 
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Fig. 4.— 69-year-old female with right radical mastectomy for poorly 
differentiated adenocarcinoma; 5,000 rad was delivered in 4 weeks (4 
MeV irradiation) to nodal and chest wall areas. Combined pleural and 
parenchymal lung changes were present 16 weeks after treatment due to 
tangential and lymph node irradiation. Patient had mild cough at time of 
film. 


from radiation osteitis because the former is usually: (1) 
associated with a mass; (2) accompanied by pain and 
swelling in the absence of infection; (3) shows progres- 
sive changes on serial radiography; and (4) may be 
associated with poorly organized bone or soft tissue 
calcifications. Changes of radiation osteitis complicated 
by infection may mimic malignant degeneration. Osteo- 
genic sarcoma developed in the humerus (fig. 12) of a 
60-year-old female 5 years after lymph node irradiation 
following a radical mastectomy. 


Cardiovascular System 


Radiation injury to the heart is most frequently associ- 
ated with upper mantle irradiation for Hodgkin's disease. 
but mediastinal treatment of breast. esophageal, and 
lung cancer have been implicated as well. Total dose. 
rate of delivery. and volume of the cardiac silhouette 
irradiated are important factors. A total dose of 4,000 rad 
to 50% or greater of the heart and pericardium is thought 
to place the patient in a high risk category for develop- 
ment of pericardial and myocardial complications. Clini- 
cally. this may present as only a transient enlargement of 
the cardiac size on routine follow-up x-rays without any 
associated symptoms. If effusion and/or constrictive 
changes develop. surgical intervention will be necessary 
[14]. Most of these complications (6096) will occur 4-12 


Fig. 5.—58-year-old female with right radical mastectomy for poorly 
differentiated carcinoma who received 4,500 rad in 3'/2 weeks to chest 
wall and lymph nodes. Routine chest radiograph 2 years later revealed 
apical and paramediastinal fibrosis (arrows) secondary to lymph node 
irradiation. 


months after radiotherapy and the rest from 1 to several 
years [15]. It has been estimated that cardiac injury 
occurs in 6% of lymphomas and in 396-1096 of breast 
carcinomas treated with radiotherapy [15]. 

The incidence of this complication at Pondville Hospi- 
tal has been less than 1%, probably a result of the small 
volume of the heart included in the mediastinal lymph 
node irradiation portal. It is assumed that enlargement 
of the heart after irradiation in a patient with breast 
carcinoma, whether symptomatic or asymptomatic, is 
related to the malignancy itself. The presence of a 
pericardial effusion must be confirmed by further diag- 
nostic evaluation, with pericardiocentesis providing de- 
finitive proof of the etiology. 

Several cases of subclavian artery stenosis or occlu- 
sion secondary to irradiation of breast cancer have been 
reported, but many, if not all, may have been caused by 
overlap of multiple portals in treating the axilla, supracla- 
vicular, and axillary node-bearing areas [16]. Therapeu- 
tic irradiation of the mediastinum and heart have been 
incriminated in the development of early coronary artery 
disease [17]. Permanent electrocardiographic abnormal- 
ities have been reported in five of 75 patients receiving 
lymph node and chest wall irradiation for carcinoma of 
the breast to levels of 4,000 rad. These were nonspecific 
and mainly T-wave abnormalities [18]. 
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Fig. 6.—67-year-old female treated for carcinoma of right breast with 
simple mastectomy followed by 5,000 rad in 4 weeks to the chest wall 
and lymph nodes. Oblique rib films obtained 6 months later because of 
nonspecific chest wall pain showed well demarcated area of pleural 
thickening (arrows) due to tangential irradiation. 


Esophagus 


Irradiation to the mediastinum, dorsal spine, and most 
commonly the internal mammary lymph nodes will in- 
clude the esophagus if the portals are given anteriorly or 
posteriorly rather than in a tangential fashion. The maxi- 
mum dose delivered to the esophagus by techniques 
used at this hospital would yield a dose of less than 
4,000 rad in 3 weeks, well below tolerance and much 
less than the curative levels of 6,000 rad in 6 weeks given 
to patients with primary carcinoma of the esopha- 
gus. 

During radiation therapy it is not unusual to encounter 
mild dysphagia and some substernal discomfort and 
even chest pains mimicking myocardial infarction after a 
dose of 2,000-3,000 rad in 2 to 3 weeks. A barium 
swallow at this time is usually normal but is occasionally 
associated with a mild motility disorder and a few tertiary 
contractions. At higher levels, marginal serrations and 
mucosal edema secondary to acute radiation esophagitis 
are infrequently encountered [19]. Such changes are 
demonstrated in figure 13A in a patient who developed 
severe dysphagia 1 week after completing 3,000 rad in 
10 days to a portal including a portion of the esophagus. 
The mucosal edema and serrations were confined to the 


Fig. 7.— 77-year-old female with left mastectomy who developed spon- 
taneous left apical pneumothorax (arrows) 15 weeks after 4,500 rad in 3 
weeks to lymph node-bearing areas. Pneumothroax resolved without 
treatment. 


treated area of the esophagus and subsided without 
specific treatment 5 days later. 

It may be difficult to differentiate radiation changes 
from other causes of esophagitis, especially moniliasis 
or herpes simplex [20, 21]. These infections usually 
produce diffuse changes of mucosal edema and irregu- 
larity and occasionally diffuse, small nodular filling de- 
fects. 

Radiation strictures of the esophagus rarely occur 
following postoperative mediastinal irradiation for breast 
carcinoma. The maximum dose of 4,000 rad is well 
below normal tissue tolerance. A smooth, tapered nar- 
rowing which develops in a patient with breast cancer 
with or without a history of previous irradiation is most 
likely secondary to metastatic disease originating in the 
submucosal lymphatics or adjacent mediastinal lymph 
nodes [22]. The patient in figure 13B developed dys- 
phagia 4 years after routine postoperative irradiation to 
the internal mammary lymph nodes. The short concen- 
tric narrowing was secondary to periesophageal meta- 
static disease. Radiation strictures of the esophagus are 
encountered in dosage levels of 6,000 rad or more and 
even in this range are not common findings. They usually 
develop at the site of an irradiated primary esophageal 
tumor. 
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Fig. 8.—Asymptomatic nondisplaced rib fractures 
(arrows) 2 years after tangential irradiation (4,500 rad 
in 4'/2 weeks). Only partial healing occurred in 24 
month follow-up. 
Breast 


Primary irradiation of breast carcinoma can be deliv- 
ered for an inoperable tumor or following lumpectomy. 
The predictable changes on mammography following 
the delivery of 6,000-7,000 rad in 6-7 weeks include 
increased parenchymal density, increased skin thick- 
ness, and decreased breast size [23]. These findings can 
be best appreciated when compared to the nonirradiated 
breast (fig. 14). Serial mammography following irradia- 
tion is useful for evaluating recurrent or persistent dis- 
ease, since physical examination of the breast may be 
difficult because of changes in normal texture which 
develop after irradiation [24, 25]. Reactivation of tumor 
may be appreciated only on mammography. The 
changes due to irradiation are difficult or impossible to 
differentiate from inflammatory carcinoma or a benign 
inflammatory process. Thus it is essential that clinical 
history of previous irradiation is known. Libshitz et al. 
[26] have reported a series of 22 breast cancer patients 
treated with excisional biopsy followed by 5,000 rad 
external radiation. The skin returned to normal thickness 
in 17 patients who were followed for 4 years. 


Liver 


Permanent damage or even death due to liver failure 
may result from total liver irradiation of 3,500 rad or 
more [2]. Localized irradiation to an area in the same 
anatomic plane as the liver may coincidentally affect 
localized segments of this organ. This may cause dis- 
crete localized defects in the liver scan which will con- 
form to the treatment portal margins and may or may not 
be associated with biochemical abnormalities of liver 
function [27, 28]. These abnormalities may be encoun- 
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Fig. 9.—Fractures of second and third anterior ribs and clavicle 
(arrows) after minor trauma which remained ununited and nonpainful. 
Patient received orthovoltage radiation treatments to lymph nodes and 
chest wall 5 years before injury. 


tered in irradiating the low dorsal spine or internal 
mammary nodes, especially in obese patients. Scans 
with either colloidal compounds of technetium or "?!| 
rose bengal will reveal the defects. 

The acute phase seems to be due to venous stasis 
rather than a direct effect on liver cells [29]. A localized 
fractionated dose of 3,500 rad will cause an area of 
diminished concentration in greater than 50% of pa- 
tients. The appearance of a well defined defect in the 
liver with smooth parallel margins occurring 1-12 
months after irradiation should raise the possibility of 
radiation effect rather than metastatic disease. 

The discrete area of decreased concentration shown 
in figure 15 occurred 3 months after treatment to the low 
dorsal spine and ribs for metastatic disease and con- 
formed to the area of liver irradiated. It was not initially 
associated with any abnormality of liver function tests. It 
is important that defects not be mistaken for metastatic 
disease. Differentiation can be made angiographically 
[30]. 


Spinal Cord 


Radiation myelitis is always a possibility when large 
areas of the spinal cord are irradiated to high dosage 
levels; a tolerance of 4,000-4,500 rad for large volume 
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Fig. 10.—51-year-old female with carcinoma of left breast who received 5,400 rad orthovoltage irradiation to axilla at another hospital. She was 
referred 5 years later for pain and limited mobility of left shoulder. Serial radiographs demonstrate progressive changes of osteonecrosis over 2 year 


period (A, January 1969; B, April 1969; C, April 1970; D, February 1971). 





diation totaling 5,000 rad in 4 weeks. Lytic area developed in humeral 
head 6 years later which was interpreted as metastases; additional 2,000 
rad was delivered. Increasing pain prompted biopsy 6 weeks later 
revealing osteomyelitis (arrows) superimposed on radiation changes. 


irradiation has been suggested [31]. It is a more distinct 
possibility when there is overlap of treatment portals or 
retreatment is given without regard to previous irradia- 
tion. 

The occurrence of extradural metastases is much more 
common than radiation myelitis in patients with breast 
cancer. Clinical symptoms suggesting spinal cord abnor- 





Fig. 12.— 60-year-old female who developed severe 
pain and limitation of motion in left shoulder 5 years 
after nodal irradiation. Expansile destructive process 
with marked periosteal calcification represented os- 
teogenic sarcoma, presumably radiation induced. (Re- 
printed with permission from [11]) 


mality should be studied with myelography for definitive 
evaluation to exclude metastatic disease or other mass 
lesions. Generally, radiation myelitis shows either a nor- 
mal spinal cord or some localized narrowing [32]. A 
patient has been described [33] in whom a total cervical 
cord block occurred 4 years after treatment due to 
radiation necrosis and edema. 
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Fig. 14. —A and B 55-year-old female with biopsy-proven inoperable 
undifferentiated carcinoma (8 cm diameter) in upper outer quadrant of 1 
right breast; 6,000 rad was delivered in 6 weeks to entire breast with 
additional boost of 2,500 rad to tumor site. Craniocaudad view of 


irradiated breast 1 year later, B, showed skin thickening, slight decrease 2. 
in size, and slight increase in parenchymal density. Compare with normal 
breast, A. 
3 
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Fig. 13.—A 34-year-old with hilar 
lymph node metastases from breast 
carcinoma who developed severe dys- 
phagia 1 week after receiving 3,000 
rad in 10 days to portal which included 
portion of thoracic esophagus. Mar- 
ginal serrations and mucosal edema 
secondary to radiation esophagitis 
were present on barium swallow (ar- 
row). Dysphagia subsided in 5 days. 
B, 71-year-old female who received 
postoperative lymph node irradiation 
to level of 4,500 rad in 4 weeks follow- 
ing radical mastectomy. Concentric 
narrowing in subcarinal region of 
esophagus developed 4 years later 
and was secondary to submucosal 
metastatic disease. 





Fig. 15.— 47-year-old female who received 3,000 rad in 2 weeks to 
lower dorsal spine and adjacent ribs for metastases from breast carci- 
noma. Technetium sulfur colloid liver scan 3 months later showed 
discrete defect (arrow) proven to be secondary to radiation therapy. 
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Pediatric Tracheostomy. |. Radiographic Features of Normal Healing 


JOHN R. SCOTT' AND SANDRA S. KRAMER' 


Serial radiographic studies were used in a prospective 
study of tracheostomy healing in 30 consecutive infants and 
children. The examinations were simple, required no anesthe- 
sia or sedation, and were coordinated with decannulation of 
the tracheostomy. In 22 of 30, the tracheostomy site healed 
normally; in four of these 22 patients the primary cause for 
obstruction persisted. In 19 of 22 the radiologic study served 
as an alternative to bronchoscopy before decannulation. Par- 
ticularly in small infants, the features of normal healing vary 
in the first days; temporary narrowing of the tracheal lumen 
can occur at the stomal site and mimic early granulations. 
After 1 month the trachea is normal except for minor changes 
at the previous site of the tracheostomy. 


Radiologists are familiar with the pediatric respiratory 
problems which require a tracheostomy, but possibly not 
with the events which follow the procedure. Will subse- 
quent tracheal repair commence normally? What is the 
sequence of normal healing after a pediatric tracheos- 
tomy? What are the radiographic features? Are these 
features similar to those in the child with a tracheostomy 
complication? 

Recently Palva et al. [1] stated, "The younger the 
patient, the greater the possibility of complications in a 
tracheostomy.” This may be the rationale for performing 
bronchoscopy before decannulation in pediatric patients 
[2]. We have found radiography useful in observing the 
effects of decannulation, monitoring early tracheal heal- 
ing, and verifying tracheal repair in such patients. 


Materials and Methods 


A prospective study of 30 consecutive pediatric patients, 
aged 5 weeks to 9 years, was undertaken. Radiographic studies 
were obtained during tracheostomy decannulation and 4-6 
weeks later. Additional studies were required in certain cases 
(e.g., delayed healing at the tracheostomy site). The first radio- 
logic study is coordinated with the initial decannulation while 
the radiologist, a pediatric surgeon, otolaryngologist, or tho- 
racic surgeon, and a nurse are present. Each should be familiar 
with the patient under study. Equipment includes oxygen, 
instruments to aid in reinsertion of the tracheostomy tube, a 
new tracheostomy cannula and obturator, a focused light, and 
means to suction the tracheal secretions. 

The child is restrained supine with a small bolster between 
the shoulders, the head extended, and the chin elevated. The 
tracheostomy tube is still in place; no sedation or anesthesia is 
used. A sequence of radiographs is obtained as an integral part 
of the decannulation, permitting immediate clinical decisions 
by the attending physician. 

The radiographic unit was a General Electric MSI 850, 800 
MA, 150 kVp, three phase, 12 pulse, 0.6 and 1.5 mm focal spots, 
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with 2.5 mm Al equivalent filtration inherent in collimator and 
tube. Conventional radiographs were exposed using Kodak 
XRP-1 film, X-Omatic regular screen, and X-Omatic cassette. 
Xeroradiographs were taken primarily in negative mode with B 
contrast and B density. Exposure factors are given in table 1. 

Cross-table lateral exposures of the neck and thorax during 
inspiration were made in the following order: 

1. Conventional radiograph, cervical airway. This preliminary 
film is taken just before removal of the tracheostomy tube. 

2. Conventional radiograph, cervical airway. The tracheos- 
tomy tube is momentarily removed (fig. 1). If there are obstruc- 
tive signs, the tube is immediately reinserted. 

3. Xeroradiograph, cervical airway. Again, the tracheostomy 
tube is momentarily removed. This exposure should be consid- 
ered if, during the preceding step, the conventional radiograph 
was abnormal, obstructive signs were apparent, or the initial 
radiographic detail was insufficient to portray the small airway. 
Xeroradiography enhances tracheal and endotracheal detail. If 
there are obstructive signs, the tube is immediately reinserted. 

4. Conventional radiograph, thoracic airway. The tracheos- 
tomy tube is again momentarily removed. The field of exposure 
centers at, or below, the thoracic inlet. 

The preliminary radiograph with the tube in position is valua- 
ble in anticipating a tracheostomy complication or other tra- 
cheal obstruction before actual tube removal [3]. When the 
tracheostomy tube is briefly removed, radiographic portrayal 
can be more complete: tracheal dynamics may be accurately 
assessed, the size of an unsuspected granuloma reliably deter- 
mined, or other endotracheal features depicted without the 
obturator effect of the tube [4]. 

The external stomal opening is not purposely occluded dur- 
ing the first brief moments the tube is removed. The child is 
observed, clinical signs are correlated with initial radiographic 
features, and if respiratory distress develops the tube is rein- 
serted. If no respiratory difficulty ensues, the stoma is momen- 
tarily occluded while full air exchange is observed. Further 
radiographs can be obtained at this moment. In our experience 


TABLE 1 


Cervical Airway Exposure Factors during 
Tracheostomy Decannulation 


Method and Age of Patient mAs kVp 
Conventional radiography: 

TLIMOPI eae res 1.75 52 

1 WORE TN 1.75-2.0 52-56 

mi p EEEIEE TT 2.5-3.0 54-58 
Xeroradiography: 

T POMD Luce repr 10 80 

Lo EIEEE ET 12-14 80 

D VOBIS siiani 14-16 80 
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no tomography was needed. One contrast tracheogram was 
required to define changes in the lower trachea; the contrast 
medium was injected through the tracheostomy tube. 

As a note of caution, the tracheostomy tube should not be 
removed before the preliminary radiograph of the cervical 
airway. The tube should never be removed while a child is being 
carried into the x-ray room (as occurred once in our early 
experience). 


Results 


Successive radiologic studies revealed normal healing 
at the tracheostomy site in 22 of the 30 patients (73%) 
(fig. 2). Seven of these were infants (1'/4-11 months) and 
15 were children (1'/4-9 years). In four of these 22 
patients the primary cause for tracheal or laryngeal 
obstruction persisted, and decannulation was delayed; 
three of these four required bronchoscopy to reconfirm 
the primary obstructing site. One child with persistent 





a i. 


Fig. 1.—16-month-old child positioned for tracheostomy decannula- 
tion; tube momentarily removed for first time by thoracic surgeon. Film 
cassette in position, x-ray tube in foreground. Because of respiratory 
difficulty, tracheostomy tube was immediately reinserted after exposure. 





croup did not have repeat endoscopy. The tracheostomy 
site healed normally in all four. Routine bronchoscopy 
was not required in 19 of the 22 patients with normal 
healing. Endotracheal obstructions were caused by the 
tracheostomy in eight of 30 patients; these cases and the 
four with primary obstruction are discussed in a compan- 
ion paper [5]. 

Radiographic features in an infant with normal healing 
after a tracheostomy are shown in figures 3 and 4. This 
premature baby (33 weeks gestation) had respiratory 
distress syndrome. Tracheostomy was required 7 days 
after birth because of a traumatic intubation with an 
endotracheal tube. After 4 weeks the tracheostomy was 
removed, and radiographic studies portrayed early signs 
of normal tracheal healing. A subsequent study con- 





Fig. 2.—Tracheostomy (/eft) and normal healing after decannulation 
(right). 


Fig. 3.— Serial radiographs show- 
ing normal tracheal healing in 5- 
week-old premature infant. A, Mo- 
ment of decannulation. Tracheal lu- 
men is narrowed to less than half of 
normal caliber. Note anterior trache- 
ostomy tract (arrow). B, 24 hr after 
decannulation. More tracheal nar- 
rowing; tracheostomy tract is closed. 
C, 2 days after decannulation. Less 
tracheal narrowing. D, 6 days after 
decannulation. Nearly normal tra- 
cheal caliber. 


PEDIATRIC TRACHEOSTOMY: NORMAL HEALING 889 





Fig. 4.— Xeroradiography in same infant as fig 2. A, 
Moment of decannulation. Anterior tracheal wall is dis- 
torted but margins are smooth. Note normal tracheos- 
tomy tract (arrow) and smooth stomal margins. B, 4 weeks 
after decannulation. Small anterior tracheal depression at 
previous stomal site. 


firmed completed healing 4 weeks after decannulation. 

In a small infant the lumen of the trachea is more than 
half-closed at the moment the tube is removed (fig. 3A). 
This narrowing may become more severe during the first 
24 hr after decannulation (fig. 3B) but tends to subside 
1-2 days later (fig. 3C). Not until 6 days later does the 
trachea begin to have a normal caliber (fig. 3D). These 
features of temporary tracheal narrowing were detected 
in three of seven infants. The small caliber of the trachea 
is noteworthy, as small as 3 mm in a premature baby. 

Xerography (fig. 4) may provide additional diagnostic 
information. For example, in the infant described above, 
xeroradiography showed that the anterior tracheal wall 
margin was smooth above the stoma, and the eccentric 
encroachment upon the lumen was caused by the tra- 
cheostomy tube, not be granulations; the tracheostomy 
sinus was fairly smooth and no granulomas were devel- 
oping at the stoma. At the thoracic inlet the trachea was 
normal, and its distal lumen remained normal to the 
carina (fig. 4A). Studies 4 weeks later indicated further 
normal healing; a small depression was visible at the 
previous stomal site (fig. 4B). 

In a young child the radiographic features of normal 
healing may be somewhat different from those seen in 
infants. The trachea may be of normal caliber at the 
moment the tube is removed, with no narrowing at the 
stoma (fig. 5A). The tracheal lumen remains normal 6 
weeks after decannulation, (fig. 5B) and the individual 
cartilaginous rings appear normal, verifying complete 
healing (fig. 5C). Included within the spectrum of normal 
healing is a slight protrusion at the stoma, perhaps 
caused by mucosal edema or localized tracheitis sur- 
rounding the stoma (fig. 6A). There may be slight un- 
evenness at the same site 6 weeks later (fig. 6B). 





Fig. 5.—Normal tracheal healing in 19-month-old child. A, Moment of 
decannulation. Normal tracheal lumen. Note stoma at thoracic inlet. B 
and C, Positive and negative mode xeroradiographs 6 weeks after 
decannulation. B, Normal tracheal lumen. C, Normal tracheal rings along 
anterior margin. 





1 T 2 A 

Fig. 6.—Normal tracheal healing in 2-year-old child. A, 
Moment of decannulation. Localized anterior protrusion at 
stoma (mucosal edema? localized tracheitis?). B, 6 weeks 
after decannulation. Slight unevenness along anterior 
tracheal margin at previous stomal site. 





Normally the trachea is not tethered or made rigid by 
the tracheostomy tract, since the tracheal lumen may 
change during respiration. The normal respiratory dy- 
namics of the trachea do not appear to be altered as long 
as the glottis or subglottis is not obstructed (fig. 7). 
During subsequent stages of normal tracheal repair, little 
is depicted on follow-up radiographs. For example, 4 
months after decannulation there may be slight thicken- 
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Fig. 7.—Normal tracheal healing in 28-month-old child. 
A, Moment of decannulation, expiratory phase. Normal 
decrease in tracheal caliber. B, Moment of decannula- 
tion, inspiratory phase. Normal increase in tracheal cali- 
ber. 


Fig. 8.—Normal tra- 
cheal healing in 4-year- 
old child 4 months 
after decannulation. Thick- 
ened tracheal ring at pre- 
vious stomal site (arrow). 





ing of the tracheal ring at the previous stoma (fig. 8). At 
14 months the trachea appears normal (fig. 9). 

These radiographic features of the pediatric tracheos- 
tomy indicate normal tracheal healing. Appearances may 
vary the first month after decannulation, mainly in the 





Fig. 9.— Normal tracheal healing in 27-month-old child. 
A, 2 months after decannulation. Normal trachea. B, 
14 months after decannulation. Normal trachea; no de- 
layed sequelae. 


first days and especially in small infants. After 1 month 
the trachea is normal except for minor changes at the 
stoma. 


Discussion 


In this series, tracheal healing was normal in 22 of 30 
infants and children. In 19 of the 22, radiologic studies 
were an alternative to routine bronchoscopy before de- 
cannulation. Recognition of the normal reparative re- 
sponse served as the basis for detecting children with 
tracheostomy complications. 

Most reports on pediatric tracheostomy have been by 
otolaryngologists and surgeons; radiographic features 
are briefly described and mainly confined to adults, and 
complications are the principal focus [6-9]. If radio- 
graphic studies are to serve as a reliable monitor during 
decannulation, the normal tracheal response must be 
understood. In an infant, for example, the features of 
normal healing can change during the first days after 
decannulation (figs. 3 and 4); moderately severe narrow- 
ing of the tracheal lumen could be misinterpreted as 
abnormal, because it occurs at the superior margin of 
the tracheostomy stoma, the site where early granula- 
tions also form [5]. 

An earlier report of tracheostomies in infants recog- 
nized the value of lateral radiography of the neck “to 
determine whether or not the tracheostomy distorts the 
airway" [4]. Within this earlier description was a concept 
similar to that presented here: that is, radiographic 
studies could document the changing phases of normal 
response to a tracheostomy. This study describes the 
range of features associated with normal tracheal repair. 


PEDIATRIC TRACHEOSTOMY: 


There is a current trend in pediatric otolaryngology to 
remove the tracheostomy tube without a gradual prelim- 
inary trial of decannulation [10]. While a pediatric otolar- 
yngologist has stated that "little is to be gained by 
gradual decannulation" [11]; none has indicated the 
need for radiographic evaluation at the time of trache- 
ostomy removal. Our experience indicates that radio- 
graphic studies are reliable. may be completed without 
anesthesia or sedation. and accurately portray the en- 
dotracheal airway. In addition. the need for routine 
bronchoscopy before tube removal may be reduced. 
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Pediatric Tracheostomy. Il. Radiographic Features of Difficult 
Decannulations 


JOHN R. SCOTT' AND SANDRA S. KRAMER! 


A difficult decannulation was the principal complication in 
12 of 30 consecutive infants and children with tracheostomies. 
Simple radiographic studies permitted accurate diagnoses 
which correlated with bronchoscopy. In eight patients an 
endotracheal lesion was caused directly by the tracheos- 
tomy, a risk of complication higher than expected. These 
obstructions were usually granulomas at the superior margin 
of the stoma; resectable and nonresectable granulomas could 
not be differentiated radiographically. Four patients had a 
primary tracheal or laryngeal obstruction which preceded the 
tracheostomy and complicated decannulation; these included 
adhesions of the vocal cords and subglottic trachea and 
posed difficulties in radiographic diagnosis. In no case was 
dependency on tracheostomy entirely due to emotional 
causes. 


Introduction 


The pediatric tracheostomy has become part of a 
broadened surgical approach in congenital disorders in 
early childhood, and it remains essential for certain 
acute airway obstructions [1-3]. The main complication 
is difficulty in removing the tracheostomy tube [2-7]. 
Other authors have commented: "the child who is diffi- 
cult to decannulate is continually at risk" [8]; "this 
problem ... is most severe in children, with its peak 
during infancy" [9]; and "the problem of decannulation 

. . increases the longer the child has worn the trache- 
ostomy tube” [5]. 

Why is tracheostomy removal potentially hazardous in 
the pediatric patient? How can a difficult decannulation 
be anticipated? Can radiographic studies assume a cen- 
tral role in this high-risk pediatric group? We found 
central airway obstruction to be the major reason for a 
difficult decannulation. These obstructions can be ac- 
curately portrayed by simple radiographic studies at the 
time of decannulation. 

In a companion paper [10], we described the radiologic 
study as an integral part of the initial tracheostomy 
decannulation. Since patients at risk cannot always be 
identified before the study, the initial sequence of radio- 
graphs should begin in the same manner for each 
youngster whose tracheostomy is to be removed: (1) 
conventional lateral radiograph of the cervical airway 
with the tube in position; (2) conventional lateral radio- 
graph with the tube removed; and (3) a xeroradiograph if 
an obstructing lesion is present which requires accurate 
delineation within a small airway. 


Received September 5, 1977; accepted after revision January 16, 1978. 


Case Material 


Of the 30 consecutive tracheostomy patients previ- 
ously described[10], 12 had difficulties in decannulation. 
The airway obstructions were either caused by the tra- 
cheostomy or preceded it (fig. 1). In eight cases (aged 5 
months to 7 years) the endotracheal lesion was caused 
directly by the tracheostomy. In four cases (aged 11 
months to 7 years) a primary tracheal or laryngeal ob- 
struction caused the difficult decannulation; the stomal 
site healed normally. One patient had obstruction of 
both types and one had two kinds of primary obstruction. 

During the initial radiographic study, each of these 12 
patients had clinical signs of airway obstruction when 
the tracheostomy tube was momentarily removed. The 
other 18 patients had normal radiographic features, free 
of obstructive signs [10]. 

Bronchoscopy confirmed the abnormal radiographic 
features in 11 of 12 patients. One of the four patients 
with a primary tracheal-laryngeal obstruction (croup) 
was monitored by serial radiographs instead of endos- 
copy. Biopsy was performed with bronchoscopy if an 
obstructing lesion was completely resectable or could 
be partly excised (nine patients); biopsy was not at- 
tempted solely for diagnostic confirmation of an endo- 
scopic impression. In no case did an emotional depend- 
ency upon the tracheostomy prevent decannulation. 


Radiographic Signs of Difficult Decannulations 
Obstructions Caused by Tracheostomy 


These obstructions occurred at two specific sites: the 
stoma and its upper margins, and the trachea at the 
distal tip of the tube (fig. 2). The most common obstruc- 
tions were found at the superior margin of the stoma, 
where immature granulations or mature granulomas 
formed. Two immature lesions were detected. One child 
had a mucosal flap with early immature granulations. 
The mass of tiny granulations was of sufficient size to 
prevent early decannulation; these formed within 4 days 
after the tracheostomy. No new granulations formed 
after surgical excision, and decannulation was then 
completed (fig. 3). Similar radiographic features were 
visible in a child with an anterior cartilaginous spur 
which prevented decannulation. 

Three patients had single mature granulomas at the 
superior edge of the stoma. In each case the radio- 


Presented in part at the annual meetings of the Society for Pediatric Radiology and the American Roentgen Ray Society (John Caffey Award paper), 
Washington, D. C., September 1976; and the European Society of Pediatric Radiology, Stockholm, Sweden, May 1976. 
' Departments of Radiology and Pediatrics, Albany Medical Center Hospital and Albany Medical College of Union University, Albany, New York 


12208. Address reprint requests to J. R. Scott. 


Am J Roentgenol 130:893-898, May 1978 
€ 1978 American Roentgen Ray Society 


0361-803X/78/0500-0893 $02.00 





894 SCOTT AND KRAMER 





PRIMARY 
PRIMARY 
OBSTRUCTION, 
TRACHEOSTOMY NORMAL 


TRACHEOSTOMY 
COMPLICATION 


TRACHEOSTOMY 
COMPLICATION 


Fig. 1.—Difficult decannulation. Tracheostomy complications shown 
are granuloma at stomal margin and distal tracheal scarring. Primary 
obstructions shown are croup and congenital tracheal web above stoma. 


Fig. 2.—Pediatric tracheostomy 
in situ (xerography). Arrows indicate 
superior stomal margin along an- 
terior trachea, stoma (middle ar- 
row), and distal tip of tube. Pedia- 
tric tracheostomy tube is usually 
placed more inferior than shown 
here. 





graphic appearance was that of a globular polypoid mass 
with smooth margins and a broad base. These features 
were identical in resectable and nonresectable granu- 
lomas. The lesions were covered with epithelium and 
appeared to form in response to a tracheostomy in place 


OBSTRUCTION, AND 





te , al l 
Fig. 3.— Mucosal flap with early immature granulations 
caused by tracheostomy in 3-year-old child. A, 4 days after 
tracheostomy for croup. Note soft tissue mass at superior 
margin of stoma, on anterior tracheal wall. Subcutaneous 
emphysema extends along cervical tissue planes. Decan- 
nulation attempted but not successful. B, 3 days after 
surgical excision of granulations, 2 days after successful 
decannulation. Several residual granulations at previous 
stomal site remain. Tracheostomy tract closed. 





Fig. 4.— Single mature resectable granuloma caused by 
tracheostomy in 5-month-old infant. A, Polypoid mass at 
superior margin of stoma, protruding into tracheal lumen. 
Decannulation not completed. B, 7 weeks after surgical 
excision and simultaneous tracheostomy decannulation. 
No recurrence of granuloma, 


for months or years. Two patients had resectable mature 
granulomas: a 5-month-old infant with a tracheostomy 
for 3 months (fig. 4) and a 7-year-old child whose 
tracheostomy was present since birth. (This child also 
had vocal cord adhesions.) A 14-month-old infant with a 
tracheostomy for 12 months had a nonresectable granu- 
loma. Attempted resection was not successful because 
the large granuloma could not be removed completely. 
This incomplete resection was portrayed by radiographic 
study, and decannulation was not completed (fig. 5). 
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Fig. 5.—Single mature nonresectable granuloma 
caused by tracheostomy in 14-month-old child. A, Pre- 
operative xeroradiograph showing large broad-based ; 
granuloma at superior margin of stoma, nearly filling Fig. 7.—Persistent tracheostomy sinus in 5-year-old 
tracheal lumen. Note meniscus effect of tracheal secre- child. A, Moment of decannulation. Normal stoma, normal 
tions (arrow), — d apa Wii iR web. De- tracheostomy tract, smooth anterior tracheal contour. B, 
cannulation not completed. B, 1 week after attempted 3 months after decannulation. Large granuloma (between 
surgical excision of granuloma. Approach was through arrows) protrudes into tracheal lumen at previously normal 
tracheostomy tract, guided by bronchoscopy. Note stomal site. Granuloma formed because of persistent tra- 
straight margin along line of resection (arrowheads), yet cheostomv si 
he p : y sinus tract. 
further excision not possible. Obstructive signs persisted; 
decannulation not successful. 
Fig. 6.—Multiple ma- 
ture granulomas caused 
by tracheostomy in 16- 
month-old child. Large 
granulomatous masses 
protrude anteriorly from Fig. 8.— Distal tracheal 
upper margin of stoma scarring and granulomas 
(large arrowheads) and in 8-year-old child with 
from posterior tracheal tracheostomy since birth. 
wall (arrow), occluding Contrast tracheogram via 
lumen of trachea and tracheostomy tube (here 
tracheostomy tract (small partly withdrawn). Note 
arrowheads). Decannula- abrupt severe narrowing 
tion not attempted. of tracheal lumen, which 
extends inferiorly to ca- 
rina. Decannulation not 
feasible. 
Multiple mature granulomas may develop at the tra- 
cheostomy stoma. In our single example, a 16-month-old 
child with a tracheostomy for 14 months, sessile masses 
completely occluded the tracheal lumen and the stomal 
sinus. Resection was not possibly and decannulation not 
attempted (fig. 6). 
After tracheostomy removal, a sinus tract can persist 
and result in a later complication. In our one example, a of the fistula responded to antibiotics and surgical clo- 
5-year-old boy with normal decannulation, the tracheos- sure (fig. 7). 
tomy sinus persisted for 3 months and stridor developed. Distal tracheal complications (one case) consisted of 


The infected granuloma which formed at the stomal site scarring and granulomas. Severe tracheal narrowing 
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Fig. 9. — Vocal cord adhesions in 
7T-year-old child. Small adhesions 
(small arrows) with undersurface of 
| true vocal cord impaired glottic 
. opening and eventually caused re- 
4 tracheostomy, despite complete ex- 
= cision of large tracheostomy granu- 
» : loma at thoracic inlet (large arrow). 





may extend from the low-positioned tip of a tracheos- 
tomy tube to the carina (fig. 8). 


Primary Tracheal or Laryngeal Obstructions 


These obstructions existed before the tracheostomy. 
Radiographically, features were distinct from obstruc- 
tions caused directly by a tracheostomy; the actual sites 
of obstruction also differed. 

Two patients had vocal cord adhesions. They can be 
difficult to portray radiographically because they are 
contiguous with the undersurface of the true vocal 
cords. As a result of these adhesions, normal inspiratory 
abduction of the cords may be severely limited, and the 
glottic opening may be inadequate. Fluoroscopic obser- 
vation of impaired cord excursion should be confirmed 
by laryngoscopy. In one patient, a 7-year-old boy with a 
tracheostomy since birth, the vocal cord adhesions were 
overlooked because attention was focused on a large 
mature tracheostomy granuloma. The granuloma was 
resected, but the original vocal cord adhesions led to a 
prompt recurrence of obstructive signs and emergency 
retracheostomy (fig. 9). An 8-year-old boy with a trache- 

e 
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Fig. 10.— Vocal cord adhesions and paradoxical col- 
lapse in 8-year-old child. Size of glottic opening cannot be 
portrayed by these radiographs, but tracheal dynamics de- 
picted are intimately affected by glottic size. A, Normal 
tracheal caliber during expiration. B, Paradoxical collapse 
of trachea during moment of inspiration, indirect sign of 
small glottis, here caused by vocal cord adhesions. De- 
cannulation not successful. 





Fig. 11.—Subglottic tracheal postintubation cicatrix in 
same child as fig. 10. A, Dense thickened scar (arrow) 
extends circumferentially into upper trachea, partly kink- 
ing normal course of trachea. B, 6 months after open 
tracheal surgery and direct excision of cicatrix. Early trial 
of decannulation. 
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Fig. 12. — Congenital tracheal web in 6-year-old child. 
A, Thin, well defined, irislike web in proximal trachea 
before surgical excision. Note normal appearance of site 
of tracheostomy (arrow). B, 6 weeks after open tracheal 
surgery and direct excision of web. Hazy margins at pre- 
vious site of web are probably postoperative edema. New 
tracheostomy site was required, located caudal to pre- 
vious one (arrows). also healing normally. Early trial of 
decannulation. 


ostomy for 5 years had the mistaken diagnosis of ac- 
quired tracheomalacia with collapse of the anterior tra- 
cheal wall above the stoma. However, the principal 
obstruction was an inadequate glottis caused by vocal 
cord adhesions. The "tracheomalacia" was a passive 
collapse of the trachea due to the excessive negative 
intraluminal pressure during the inspiratory phase of 
respiration (fig. 10). 

A subglottic tracheal cicatrix can occur after endotra- 
cheal intubation. Decannulation will be delayed until this 
dense circumferential scar is identified and treated. In 
our single example its irregular contours differentiated it 
from a smooth-edge congenital web; 1-2 cm below the 
vocal cords, its location was caudal to the true (contig- 
uous) vocal cord adhesions (fig. 11). 

A congenital tracheal web has the radiographic ap- 
pearance of an iris with smooth concentric margins, 1-2 
cm below the vocal cords. In our single case, a 6-year- 
old boy, decannulation was not feasible until the web 
was excised. The tracheostomy had no complicating 
granulomas (fig. 12). 

Typically, croup appears radiographically as subglottic 
edema, but this degree of high obstruction may so alter 
tracheal dynamics that the entire proximal airway col- 
lapses during inspiration. This degree of inspiratory 
tracheal narrowing might be misinterpreted as early 
granulations, mucosal flap, or tracheomalacia at the 
superior edge of the stoma. As the primary obstruction 
(croup) subsides, the tracheal dynamics return to nor- 
mal; the normal suprastomal margins are clearly shown 
by repeat radiographic studies, and decannulation may 
then be completed. In our single example, an 11-month- 
old child with a tracheostomy for 18 days, the first two 





Fig. 13.—Croup and persistent subglottic edema in 11- 
month-old infant. A, First attempted decannulation 7 days 
after tracheostomy for croup. Subglottic edema, para- 
doxical tracheal collapse during inspiration. Severe 
stridor. B, Third attempted decannulation 18 days after 
tracheostomy. No subglottic edema, normal tracheal dy- 
namics. Child now had only mild retractions. Decan- 
nulation successful. 

decannulation attempts were unsuccessful because of 

persistent subglottic edema. This delay in decannulation 

was initially attributed to a “tracheostomy complication" 

(fig. 13). 

A subglottic hemangioma has an effect on tracheal 
dynamics similar to croup. In our one case, an 11-month- 
old girl with a tracheostomy for 9 months, the first 
attempts at decannulation were delayed for several 
months until the subglottic hemangioma had received its 
full course of treatment. The tracheostomy was without 
obstructive complication. 


Discussion 


Tracheostomy-induced complication occurred in eight 
of 30 patients (26%) in our pediatric series. This inci- 
dence is higher than in adults [11, 12]. Since patients at 
risk cannot be identified before decannulation, it would 
seem appropriate to study each pediatric patient radio- 
graphically. Children with complications can then be 
distinguished form the majority with normal tracheal 
healing [10]. Bronchoscopy can be used selectively, 
perhaps limited to those with complications. 

It is important to identify the specific complications of 
tracheal obstruction, since they are almost always life 
threatening if the tracheostomy tube is accidentally dis- 
lodged. These complications can be accurately dis- 
closed by simple radiographic studies—an evaluation 
coordinated with the initial decannulation and com- 
pleted without resorting to anesthesia or sedation. 

The outcomes for pediatric patients with difficulties in 
decannulation are varied. Certain endotracheal obstruc- 
tions caused by the tracheostomy can be treated directly 
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by surgical excision. Immature granulations or mature 
suprastomal granulomas may be successfully removed; 
subsequent radiographic studies will confirm their lack 
of recurrence. 

Certain large stomal granulomas may not be resecta- 
ble. Caused by the tracheostomy, these mature, well 
organized lesions become an integral part of the tracheal 
wall. They tend to occur in younger children. Perhaps 
their en bloc relation to the trachea poses the risk of 
injury to the cartilaginous rings if resection is attempted. 
Radiographically, endotracheal masses have a broad 
base, nearly fill the tracheal lumen, and are either single 
or multiple. In our experience they cannot be distin- 
guished radiographically from resectable granulomas. 

The low-positioned tracheostomy can be a cause of 
severe distal tracheal scarring and granulomas at the tip 
of the tube. Also, the low stoma can be the site for an 
endotracheal granuloma located below the thoracic in- 
let, a site difficult to depict radiographically. The prob- 
lem of low tracheostomy is incompeltely understood and 
requires more attention in the pediatric patient. 

Primary tracheal obstructions are almost always glottic 
or subglottic and are an important cause of unsuccessful 
tracheostomy removal. These obstructions vary from 
adhesions to hemangiomas, from an intubation cicatrix 
or a congenital web to croup. Every effort should be 
directed toward correct radiographic diagnosis, since 
the success of decannulation may depend on it. The 
primary lesion can at times be identified by distinct signs 
(e. g., a congenital subglottic web); if direct tracheal 
complications are excluded and the primary obstruction 
is correctable, decannulation should be successful. 

Vocal cord and subglottic adhesions pose a difficult 
problem in radiographic diagnosis and management [2, 
13]; these adhesions are a principal cause of failure in 
pediatric decannulations. The scar tissue adheres to the 
undersurface of the vocal cords, the normal inspiratory 
abduction of the cords is severely limited, and the glottic 
opening is inadequate during inspiration. As a result, 
intratracheal air pressures will drop during the inspir- 
atory phase (as during the Müller maneuver), and below 
the site of obstruction the trachea will paradoxically 
narrow. This collapse is accentuated at the superior 
margin of the tracheostomy stoma [8] and is commonly 
misinterpreted as a sign of tracheostomy obstruction or 
acquired tracheomalacia. However, the radiologist 
should be aware of the exaggerated tracheal dynamics 
in upper airway obstruction [14] and be wary of a radi- 
ographic interpretation which indicates "acquired tra- 
cheomalacia." Excessive inspiratory tracheal collapse is 
a feature which should signal suspicion of glottic ob- 
struction. When it occurs, the larynx should be examined 
by direct endoscopy. It is probably rare for a child to 
acquire tracheomalacia after a tracheostomy, and it can 
be diagnosed with certainty only after excluding upper 
airway obstruction. 

In evaluating the child with a tracheostomy, radiogra- 
phy may detect patients who will have a difficult decan- 
nulation. Through simple radiographic studies closely 
coordinated with a trial of decannulation, several man- 
agement options are offered as the study is carried out: 


1. The tracheostomy tube can remain out (decannu- 
lated). If the study is normal and there are no signs of 
obstruction during momentary tube removal while the 
radiographs are obtained, decannulation can continue. 

2. The tracheostomy tube can be removed electively. 
Again, a normal study and no signs of obstruction during 
the study will permit elective decannulation on the fol- 
lowing day; at that time the clinician may proceed with 
decannulation, confident there is no site of obstruction. 
This is accomplished without bronchoscopy. 

3. No permanent decannulation is done until the tra- 
cheostomy granuloma is excised. This elective decision 
allows specific surgery for an identified lesion. 

4. No permanent decannulation is done until a pirmary 
tracheal obstruction is treated. Treatment is specific for 
the primary lesion, but is carried out with assurance that 
the tracheostomy is not causing an obstructive granu- 
loma. 


ACKNOWLEDGMENTS 
We thank Patricia Giglio and Judy Jones for technical assist- 
ance; our colleagues, Drs. Jerome Goldstein, Lyon Greenberg, 
and Martin McKneally; John Nyquist, medical illustrator; and 
Mary Helen Fourman for preparing this manuscript. 


REFERENCES 


1. Aberdeen E: Mechanical pulmonary ventilation in infants. 
Proc R Soc Med 58:900-902, 1965 
2. Markus NJ, Schild JA, Holinger PH: Tracheostomy in the 
first year of life. Trans Am Ophthalmol Otol 82:466-478, 
1976 
3. Tucker JA, Silberman HD: Tracheotomy, in Disorders of the 
Respiratory Tract in Children. Vol. 2: Pediatric Otolaryngol- 
ogy, edited by Ferguson CF, Kendig EL Jr, Philadelphia, 
Saunders, 1972, pp 1219-1230 
4. Holborow C: Complications of tracheostomy in infancy and 
childhood, with special reference to difficulty in decannu- 
lation. J Otolaryngol Soc Aust 2:15-17, 1969 
5. Milko DA, Gabriel M, Striker, TW: Nasotracheal intubation 
in the treatment of acute epiglottis. Pediatrics 53:674-677, 
1974 
6. Tucker JA, Silberman HA: Tracheostomy in pediatrics. Ann 
Oto! Rhinol Laryngol 81:818-814, 1972 
7. Palva A, Jokinen K, Niemela T: Tracheostomy in children. 
Arch Otolaryngol 101:536-539, 1976 
8. Crysdale WS: Nasotracheal intubation in management of 
delayed decannulation. Ann Otol Rhinol Laryngol 83:802- 
809, 1974 
9. Timmis HH: Tracheostomy: an overview of implications, 
management, and morbidity. Adv Surg 7:199-233, 1973 
10. Scott JR, Kramer SS: Pediatric tracheostomy. |. Radio- 
graphic features of normal healing. Am J Roentgenol 
130:887-891, 1978 
11. Andrews MJ, Pearson FG: Incidence and pathogenesis of 
tracheal injury following cuffed tube tracheostomy with 
assisted ventilation: analysis of a two-year prospective 
study. Ann Surg 173:249-263, 1971 
12. Dane TEB, King EG: A prospective study of complications 
after tracheostomy for assisted ventilation. Chest 67:398- 
404, 1975 
13. Venables AW: Tracheostomy in childhood. Med J Aust 
2:141-143, 1959 
14. Wittenborg MH, Gyepes MT, Crocker D: Tracheal dynamics 
in infants with respiratory distress, stridor, and collapsing 
trachea. Radiology 88:653-662, 1967 


A Specially Designed Cutting Aspiration Needle for Lung Biopsy 


GARY L. BALLARD": * AND WAYNE R. BOYD' 


The results of 166 lung biopsy procedures performed on 151 
patients using a specially designed cutting aspiration needle 
are summarized. Excellent tissue cores and fragments of 
tissue were obtained providing a pathologic diagnosis in 
85.5% of attempts. A correspondingly low overall complication 
rate of 12.7% was obtained. 


Determination of the etiology of a lung nodule, mass, or 
infiltrate is a common clinical problem. Interest in per- 
cutaneous needle lung biopsy has steadily increased in 
recent years, primarily because of greater accuracy 
made possible by television-monitored fluoroscopes, im- 
proved needles, and cytologic techniques. Aspiration 
biopsy with an ordinary 18-20 gauge needle often results 
in a satisfactory specimen for pathologic diagnosis. 
Sometimes, however, only small groups of cells can be 
obtained, making diagnosis difficult. We have performed 
needle lung biopsies with a specially designed three- 
pronged cutting aspiration needle which has yielded 
excellent specimens. A total of 166 pulmonary biopsies 
were performed on 151 patients at Loma Linda University 
between January 1974 and May 1975. This needle pro- 
vides excellent tissue cores and fragments for histologic 
study with a low complication rate. 


Technique 


In 1941 Franseen [1] devised and described a needle 
to obtain larger fragments of tissue for biopsies. We 
have modified the Franseen needle by taking an 18 
gauge spinal needle and making three bevels at the point 
(now commercially available from Cook Inc., Blooming- 
ton, Ind.). Three cutting teeth replace the usual single 
bevel; when the needle is rotated, the teeth core out 
pieces of tissue (fig. 1). 

The technique has been described by McCartney et al. 
[2] in a report of 25 patients. We follow the usual 
precautions and testing for bleeding diathesis. When the 
patient arrives in the radiology department, a 20 gauge 
infusion set with reseal injection site is placed into an 
arm vein, and approximately 5 ml of blood is drawn to be 
used later for a blood patch. The lesion is located by 
means of posteroanterior, lateral, and tomographic films 
and identified fluoroscopically. The skin is marked di- 
rectly over the area of interest using a metal rod pointer 
and a skin marking pen. The patient is supine for the 
anterior approach and prone for the posterior approach. 
The biopsy site is prepared with a disinfectant solution 
and draped. A 1% Xylocaine solution is injected using a 
25 gauge 1.6 cm needle for superficial anesthesia. A 20 
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gauge 3.8 cm needle is used for deeper anesthesia of the 
chest wall down to approximately the level of the parietal 
pleura. Care is taken to avoid penetrating the pleura, 
which would counteract the effectiveness of the blood 
patch. The needle is checked for direction using fluoros- 
copy. 

A small skin stab incision is then made with a no. 11 
scalpel blade. A 16 gauge Jelco needle (Jelco Labs., 
Raritan, N.J.) is placed in the chest wall under fluoro- 
scopic control to assure its progress toward the biopsy 
site. Anesthesia of the pleura is accomplished with a 
single insertion of the Jelco needle. The metallic center 
needle is removed, and the 18 gauge specially designed 
three-pronged cutting aspiration needle is then intro- 
duced through the Jelco sleeve. A long needle holder is 
used to advance the needle during fluoroscopic visuali- 
zation, and its tip is placed in the lesion to be sampled. 
Fluoroscopic spot and cross-table films are obtained to 
document needle position. A plastic extension tube is 
connected from the needle to a sputum trap collecting 
device and then to wall suction. A 7.6 x 10.2 cm Telfa 
sterile pad is rolled up and placed in the device to collect 
the specimen. Prior to the biopsy, the needle and col- 
lecting device are flushed with 10 ml of heparinized 
saline. With continuing suction, two to three passes are 
made through the lesion using a jabbing and rotating 
motion. Upon completion of the biopsy, the needle is 
withdrawn and rinsed with normal saline while suction is 
continued. The tissue specimen collected in the Telfa 
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Fig. 1.— Three-pronged cutting needle made from 18 gauge spinal 
needle. 
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Fig. 2. —Case 1. A, Posteroanterior chest film showing 2 cm nodule in left upper lung and 2 cm nodule at right base. B, Photomicrograph of biopsy 
specimen from left upper lung showing adenocarcinoma. 


pad is removed and used for pathology preparations, 
cultures, and smears. The previously drawn blood is 
injected through the Jelco sleeve as it is withdrawn, thus 
sealing the needle tract in the lung and visceral pleura. 


Representative Case Reports 


Case 1 

W. F., a 68-year-old male, had two masses removed from the 
left groin 6 months earlier which were diagnosed pathologically 
as malignant melanoma. Two months before biopsy a nevus 
had been removed from the left abdominal wall and diagnosed 
as a malignant melanoma. A chest radiograph (fig. 2A) revealed 
a 2 cm nodule in the left upper lung and a 2 cm nodule at the 
right base. The lesion in the right base was biopsied by percu- 
taneous needle technique. The pathologic diagnosis was papil- 
lary adenocarcinoma (fig. 2B). A biopsy of the lesion in the left 
upper lobe was diagnosed as squamous cell carcinoma. The 
patient is being treated for primary lung carcinoma. 


Case 2 


B. S., a 66-year-old male, had bilateral pulmonary infiltrates 
(fig. 3A) discovered on a routine life insurance examination. The 
patient was asymptomatic except for a minimally productive 
cough. He gave a distant history of working 10 years in a 
gypsum mine. Obstructive pulmonary disease was present by 
spirometry. Bronchoscopy was negative. Lung needle biopsy 
(fig. 3B) revealed granulation tissue with doubly refractile 
needlelike structures typical of silica crystals. The final diagno- 
sis was silicosis. 


Case 3 


B. K., a 46-year-old male, presented initially with a 3 year 
history of episodic chest pain. Three months before biopsy he 
was treated for a right upper lobe "anaerobic" pneumonia. He 


continued to have a cough productive of green sputum. Chest 
radiographs showed a right upper lobe infiltrate, and a cavity 
was demonstrated on tomography (fig. 4A). Lung needle biopsy 
(fig. 4B) produced a specimen with clumps of branching hy- 
phae, typical of aspergillosis. 


Results 


The results of 166 biopsy procedures in 151 patients 
are shown in table 1. Two biopsies were necessary in 15 
patients to obtain satisfactory specimens. A correct di- 
agnosis was obtained in 142 of the 166 procedures, for 
an 85.596 accuracy rate. Of the 151 patients biopsied, a 
correct diagnosis was obtained in 134, for an 88.8% 
accuracy rate. The correlation of surgical pathology, 
clinical course, and postmortem examination served as 
a basis for evaluating the accuracy of biopsy specimens. 

Of the 15 patients who had a second biopsy, six had 
an initial diagnosis of benign tissue while a second 
biopsy showed malignancy, in most cases metastatic 
disease. In three patients both biopsies revealed a malig- 
nancy. One patient had two biopsies for etiologic diag- 
nosis of pneumonia. Four patients had two biopsies, 
both showing nonspecific granulomas. In one patient 
the first biopsy showed normal tissue while the second 
showed coccidioidomycosis. 


Benign or Malignant Tumors 


Of the 102 patients with a final diagnosis of tumor, 58 
had primary malignancies, 38 had metastatic disease, 
and seven had other types (bronchial adenoma, multiple 
myeloma, leukemia, Hodgkin's disease, and glomus tu- 
mor). One patient had two primary tumors. Positive 
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Fig. 3. —Case 2. Posteroanterior chest film showing coarse bilateral pulmonary infiltrates. B, Polarized light photomicrograph of biopsy specimen 
showing doubly refractile crystals consistent with silicosis. 





Fig. 4.—Case 3. Posteroanterior chest film showing right upper lobe infiltrate. B, Photomicrograph of lung biopsy specimen showing branching 
hyphae typical of aspergillosis. 


needle biopsies were obtained in 93 of the 102 patients, were obtained. False negative needle biopsies occurred 
for an accuracy rate of 91.296 (table 1). Eight of the 102 in Six patients with primary malignant tumors and five 
patients had two needle biopsies, and in each case the with metastatic disease. Thus there was no significant 
second biopsy was positive. No false positive biopsies difference in the success rate in primary versus meta- 
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TABLE 1 
Accuracy Rates 


Final Diagnosis 
Total 


Tumor Nontumor 
No. patients ....... 102 49 151 
No. biopsies ....... 110 56 166 
Accuracy rate: 
By no. procedures. 97/100(88.2) | 45/56(80.4) 142(85.5) 
By no. patients .. 93/102(91.2)  41/49(83.7) 134(88.8) 


Note. — Numbers in parentheses are percentages. 


static disease. The single case of Hodgkin's disease was 
not diagnosed by needle biopsy. 


Other Conditions 


Forty-nine patients had final diagnoses other than 
tumor: 21 with infections (eight bacterial, nine fungal, 
and four tuberculosis); nine with nonspecific granu- 
lomas; and 20 with fibrosis (sarcoid, chronic obstructive 
pulmonary disease, scleroderma, pneumoconiosis, and 
radiation fibrosis). Positive needle biopsies were ob- 
tained in 41 of the 49 patients, for an accuracy rate of 
83.7% (table 1). 

In several of the patients with bacterial infections the 
etiologic agent was obtained from the biopsy, and in one 
patient it was obtained only from the needle biopsy 
specimen. Sputums, blood cultures, and bronchoscopy 
with bronchial washings failed to reveal the etiologic 
agent. In three of the four cases of tuberculosis, acid- 
fast bacteria were demonstrated in the biopsy specimen. 
In the fourth the specimen was considered typical of 
tuberculosis. One patient with coccidioidomycosis had 
two biopsies and both were negative. Nine cases patho- 
logically demonstrated a definite granuloma formation 
of nonspecific etiology, which was clinically accepted. 
These patients either had previous or follow-up chest 
radiographs showing no change in the lesion. 

Of 20 patients with fibrosis, two had sarcoidosis and 
three had pneumoconiosis. One case clinically diag- 
nosed as scleroderma showed fibrosis on biopsy "con- 
sistent with, but not diagnostic of scleroderma.” Nine 
cases were diagnosed pathologically as diffuse or local- 
ized fibrosis. These included a case with a past history of 
pulmonary infarction; the specimen was read as "sug- 
gesting infarction." One patient had a long history of 
rheumatic heart disease and a second had clinically 
severe chronic obstructive pulmonary disease. One case 
was diagnosed clinically as Hamman-Rich syndrome. 


Complications 


The overall complication rate in 166 biopsies was 
12.796 (table 2). There were 13 pneumothoraxes (7.896), 
seven of which required tube drainage. Pulmonary hem- 
orrhage with hemoptysis was seen in four patients; in 
two, the hemoptysis was moderately heavy, each patient 
losing approximately 50 ml of blood. The management 


TABLE 2 
Complications in 166 Consecutive Lung Needle 
Biopsies 
Complication No. 9o 
Pneumothorax: 
Minor (untreated) ....... 6 3.6 
Major (chest tube) ...... 7 4.2 
Subtolul 45. ouvori 13 7.8 
Hamothibfax .cocosas aveo 2 1.2 
Hethspivsl$. cios ters 4 2.4 
Pleural effusion ........... 2 1.2 
POU ax werexx EA 21 12.65 


TABLE 3 
Accuracy and Complication Rates in Lung Needle Biopsies 


Reference QE. du M" 
Stevens et al. [3] ........... 126 79 32 
Sargent et al. [4] ........... 410 81 40 
Lauby ét 8l. [5] 2s soe oe 623 50.38 DT 
Krumholz et al. [6] ......... 126 66 19 
Zavala and Bedell [7] ....... 48 80 44 


of these patients consisted of placing the biopsied lung 
in the dependent position and offering reassurance. A 
hemothorax occurred in two patients and was identified 
on the radiograph taken immediately after biopsy. In 
one, a thoracocentesis was performed and approxi- 
mately 1,000 ml of blood removed. The other hemotho- 
rax was small and no treatment was initiated. In two 
patients a small amount of pleural fluid was present on 
the 24 hr film. It was not certain whether this was blood 
or pleural effusion. In either case, resorption was spon- 
taneous. There were no fatalities due to lung biopsy. 


Discussion 


Previous reports of accuracy and complications from 
lung needle biopsy are summarized in table 3. Accuracy 
rates vary from 50% to 80% while complications vary 
from 12% to 44%. In general, a higher accuracy rate was 
associated with a higher complication rate. 

In our series of 166 biopsy procedures with a cutting 
aspiration needle performed on 151 patients aged 3-92 
years, excellent tissue cores and fragments of tissue 
were obtained. This has provided an excellent pathologic 
specimen in nearly 90% of attempts with a low complica- 
tion rate. Other aspiration needle biopsies often produce 
only cells for a cytologic study and thus a lessened 
diagnostic accuracy. Previous cutting needle techniques 
have a greater complication rate. The overall accuracy 
rate (88.8%) using a cutting aspiration needle compares 
favorably with the best previously reported accuracy 
rates.The overall complication rate (12.7%) also com- 
pares favorably with the lowest previously reported. The 
diagnostic yield using a specially designed three- 
pronged cutting aspiration needle makes this procedure 
an important additional diagnostic tool in the determi- 
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nation of the etiology of a pulmonary infiltrate or mass 
lesion. 
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Bronchioloalveolar Carcinoma: Two Clinical Entities with One 
Pathologic Diagnosis 


WALLACE T. MILLER,' JAMES HUSTED,? DAVID FREIMAN,' BARBARA ATKINSON,? AND GIUSEPPE G. PIETRA? 


Bronchioloalveolar carcinoma may present with a variety of 
radiologic and clinical patterns. Two types of this primary 
carcinoma of the lung have been recognized: a solitary lesion 
and a diffuse form. Charts and radiographs of 61 cases of 
bronchioloalveolar carcinoma were reviewed as well as the 
pertinent literature. Our experience indicates that the local- 
ized form seldom, if ever, becomes diffuse and has a good 
prognosis following appropriate surgery (lobectomy or pneu- 
monectomy). If the lesion is diffuse, death almost invariably 
results within 3 years. Based on available clinical information, 
we suggest that at least two primary tumors of the lung have 
the histologic pattern of bronchioloalveolar carcinoma: one of 
these tumors is diffuse and the other is solitary. 


Introduction 


Bronchioloalveolar carcinoma (alveolar cell or bronchio- 
lar cell carcinoma) was first described over a century ago 
and may present with a variety of clinical and radio- 
graphic patterns. The pathologic characteristics of this 
primary carcinoma of the lung are commonly mimicked 
by a variety of metastatic lesions and also by primary 
adenocarcinoma of the lung. Two types of primary alveo- 
lar cell carcinoma of the lung have been recognized: a 
solitary form with a relatively favorable prognosis and a 
diffuse form with a rather dismal prognosis. The exact 
site of origin of the cell which causes this tumor has 
been controversial. 

The first case of bronchioloalveolar carcinoma was 
described in 1876 by Malassez [1]. Few cases were 
reported until 1949 when Swan [2] reported nine cases 
and compiled another 52 cases from the literature. By 
1957 more than 300 cases had been reported. 

In the 1950s, considerable controversy raged over the 
origin of the cells which caused this particular entity. 
Many felt that this disease must arise from bronchiolar 
cells since the alveoli had no epithelial cells. However, in 
1953, Low and Daniels [3] showed by electron micros- 
copy that the pulmonary alveoli were lined with epithe- 
lium. In actual practice, the origin of the cells is of no 
clinical importance. Many names have been applied to 
this disease entity. In 1960, Liebow [4] listed some 36 
names which had been applied and suggested the name 
currently in use, bronchioloalveolar carcinoma. 

The concept of bronchioloalveolar carcinoma of the 
lung as a primary tumor was challenged by Herbut [5] in 
1946 in a report of six cases of metastatic carcinoma 
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showing the characteristic pattern identified with the 
disease. Similar observations were made by others, and 
in 1967 Rosenblatt et al. [6] reviewed 215 cases of 
pulmonary metastases from various sites. They found 34 
(15.8%) with a histologic picture compatible with the 
diagnosis of primary bronchioloalveolar carcinoma. Pri- 
mary sites of these lesions were carcinoma of the colon, 
breast, pancreas, stomach, and kidney in the majority of 
instances. They concluded that “bronchiolar carcinoma 
is not a specific entity, but a histologic pattern of malig- 
nant epithelial proliferation occurring in both primary 
and metastatic lung cancer." 

Similarly, in 1969 Bennett and Sasser [7] reviewed 30 
cases of bronchioloalveolar carcinoma and compared 
them with primary pulmonary adenocarcinomas. They 
concluded that there was no morphologic, histologic, or 
clinical reason for separating them from adenocarci- 
noma of the lung and recommended that the term 
bronchioloalveolar carcinoma be discarded. 

Within the designation bronchioloalveolar carcinoma, 
attempts have been made to identify one or more histo- 
logic types which might give an indication of the malig- 
nancy of the individual tumor. In 1962, Kress and Allan 
[8] studied 33 cases histologically and divided them into 
benign and malignant types. However, there was little 
correlation between the two cell types and survival. 

It was soon recognized that the disease could be either 
solitary or diffuse [9-12], and controversy developed 
over whether this tumor had a unicentric or multicentric 
origin. Many authors [9, 13, 14] believed the tumor arose 
in multicentric fashion. Storey et al. [12], in an extensive 
review, concluded that the tumor was unicentric in origin 
and spread by bronchial or lymphatic dissemination to 
other parts of the lung. Most authors, particularly sur- 
geons, have favored this explanation in subsequent 
papers. Storey, and subsequently others, noted that the 
solitary form often responded well to surgery. His con- 
cept was emphasized in a report by Belgrad et al. in 1962 
[15]. Many believe that early diagnosis of the localized 
form will prevent endobronchial or lymphatic spread to 
the remainder of the lung, thus preventing the develop- 
ment of the diffuse form and alteration of the patient's 
prognosis [16]. 

Our experience with bronchioloalveolar carcinoma in- 
dicates that the localized form seldom, if ever, becomes 
diffuse and has a good prognosis, while the diffuse form 
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Fig. 1.— Pathology of tumors demonstrating bronchioloalveolar pattern. A and B, Two cases of localized bronchioloalveolar carcinoma with strikingly 
different histopathology. Note tall columnar mucin-producing cells in A and smaller "hobnail" type cells in B. Both localized and diffuse forms can 
produce either pattern. C, Metastatic, well differentiated adenocarcinoma of pancreatic origin with proliferation along alveolar septae. D, Adenocarci- 
noma of lung. Tumor was poorly differentiated and pleomorphic in center but in focal peripheral areas proliferated along alveolar septae. H and E, 
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Fig. 2.— Survival data for localized and diffuse bronchioloalveolar 
carcinoma (not corrected for standard mortality). 


has an extremely poor prognosis. This very different 
biologic behavior in two different types of what is 
thought to be the same tumor is coupled with a signifi- 
cant pathologic problem in distinguishing primary bron- 
chioloalveolar carcinoma from metastatic carcinoma or 
from primary adenocarcinoma of the lung. Rosenblatt et 


al. [6] concluded that “bronchiolar carcinoma is a histo- 
logic pattern of malignant epithelial proliferation occur- 
ring both in primary and metastatic cancer." This con- 
cept suggests a new hypothesis regarding primary bron- 
chioloalveolar carcinoma: that it is really two different 
tumors, one unicentric and the other multicentric. Both 
create a similar histologic response in the lung and are 
indistinguishable pathologically. In an attempt to further 
investigate this hypothesis, we have analyzed 61 cases 
and reviewed the pertinent literature. 


Materials and Methods 


Charts and radiographs of all patients with proven bronchio- 
loalveolar carcinoma of the lung seen at the Hospital of the 
University of Pennsylvania were reviewed. Cases were excluded 
if a primary malignancy was present elsewhere or if a pulmonary 
lesion might represent a metastasis. Also excluded were tumors 
which were believed to represent primary adenocarcinoma of 
the lung but which had some of the histologic criteria of 
bronchioloalveolar carcinoma. 

The 61 cases thus identified were divided into localized and 
diffuse lesions on the basis of radiographic, gross surgical, and 
pathologic appearance (fig. 1). Clinical presentation, radio- 
graphic findings, treatment, and eventual outcome (fig. 2) were 
tabulated. 
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Fig. 3.— 67-year-old woman with localized bronchioloalveolar carcinoma. A, Initial lesion may have been tuberculous scar. B, changes 3 years later 
indicate active process. C, After 5 more years mass was removed and proved to be bronchioloalveolar carcinoma. 





Fig. 4. — Bilateral localized bronchioloalveolar carcinoma. A, Mass in left upper lobe which was resected and found to be primary form of disease. B, 
Film 7 years later showing new lesion in right upper lobe. This was resected and was also bronchioloalveolar carcinoma. Patient is alive 5 years after 
resection of second lesion. These probably represent bilateral primary lesions, although second lesion may be solitary metastasis. 


Results 

The localized group of bronchioloalveolar carcinoma 
consisted of 43 patients with peripheral lesions in the 
lung, either nodules or infiltrates. These lesions varied in 
size from 10 cm in diameter to less than 1 cm and were 
either sharply or very poorly circumscribed. The poorly 
circumscribed variety generally had an alveolar pattern 
which suggested an inflammatory infiltrate (figs. 3-5). 


A total of 18 patients showed diffuse disease, usually 
involving both lungs, but involving one lung (but more 
than one lobe) in four instances. The diffuse disease 
included nodules, either poorly or sharply circum- 
scribed, coalescent alveolar consolidation, or a reticu- 
lonodular pattern resembling chronic interstitial lung 
disease (figs. 6-10). 

In the diffuse group were four patients whose radio- 
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Fig. 5. — Two cases of apical bronchioloalveolar carcinoma resembling tuberculosis. Both patients were followed for about 1 year; lesions grew 


slightly. At resection, each was primary bronchioloalveolar carcinoma. 





Fig. 6.—Diffuse bronchioloalveolar carcinoma in patient with respira- 
tory failure. Bilateral patchy areas of consolidation were unchanged for 
several months. Diagnosis made at autopsy. 


graphs suggested atelectasis and/or obstructive pneu- 
monitis (fig. 9). This radiographic appearance implied a 
central obstructing lesion. However, none of the patients 
had endobronchial obstruction on bronchoscopy, and 
the one case autopsied showed that the lobar consoli- 
dation represented an extensive form of tumor which 
involved the entire lobe but did not spread beyond lobar 
boundaries. These four cases represent a lobar type of 
diffuse bronchioloalveolar carcinoma. The survival sta- 
tistics of these cases support this concept since the 
three patients who were followed are all dead at 22 
months. 


Fig. 7.—Diffuse bronchioloalveolar carcinoma in patient with bron- 
chorrhea and chronic alveolar consolidation in right middle and right 
lower lobes. Lung biopsy showed diffuse bronchioloalveolar carcinoma. 


Clinical Data 


In the group of 43 patients with solitary lesions, 18 
were asymptomatic and discovered by chest x-ray alone. 
Symptoms of the remaining patients are described in 
table 1. Age at presentation ranged from 40 to 79 years; 
mean age for the localized type was 61.8 years and for 
the diffuse type, 62.8 years. In the localized type, 22 
patients were male and 21 female. In the diffuse type, 13 
were male and five female. This lack of male predomi- 
nance, particularly in the localized type, has been previ- 
ously noted [17]. 
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Radiographic Findings 


The localized type presents with either a moderately 
well circumscribed nodule or a patchy alveolar infiltrate 
involving one lobe of the lung (figs. 2-5). The nodule or 





Fig. 8.—Diffuse bronchioloalveolar carcinoma. Note multiple alveolar 
nodules throughout lung fields. Appearance is typical of diffuse form of 
this disease. Case proven by open lung biopsy. 





infiltrate varied in size from less than 1 cm to 10 cm in 
diameter. Of the 43 patients with localized disease, 33 
had upper lobe nodules or infiltrates. 

The diffuse disease was bilateral in 11 patients and 
unilateral in seven. Diffuse changes varied from multiple 
well circumscribed nodules which looked like metastatic 
tumor to extensive diffuse consolidation which resem- 
bled pneumonia and involved one or several lobes (figs. 
6-10). The characteristic patchy, poorly circumscribed 
nodules which are usually associated with bronchioloal- 
veolar carcinoma (fig. 8) were seen in only five patients. 
Several patients had diffuse disease much like chronic 
interstitial fibrosis (fig. 10). Four patients had consolida- 
tion of one or more lobes resembling endobronchial 
obstruction (fig. 9). 


Pathology 


Review of the pathologic material confirmed that all 
cases were primary bronchioloalveolar carcinoma. All 
had the appearance of tumor lining the alveolar septa 
with the normal architecture of the lung as a supporting 
stroma. Obliteration of the architecture often occurred 
in the center of the lesion but not at the periphery. 
Malignant cell population varied greatly among cases 
ranging from well differentiated and mucin-producing to 
poorly differentiated and of hobnail appearance. Some 
cases had mixed patterns. We attempted to correlate the 
histology of the various lesions with the radiographic 
appearance of diffuse or localized disease. This study is 
continuing and will be the basis of a future report; at this 





Fig. 9.—Lobar type of diffuse bronchioloalveolar carcinoma. Note consolidation of right middle and right lower lobes. Distribution suggested 
endobronchial obstruction, but no obstructive lesion was seen at bronchoscopy. This type of disease is variant of diffuse form. 
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Fig. 10.— Diffuse bronchioloalveolar carcinoma in patient with diffuse 
lung pattern mimicking interstitial lung disease. Open lung biopsy re- 
vealed diffuse bronchioloalveolar carcinoma. Disease was bilateral and 
symmetrical. 


TABLE 1 
Clinical Symptoms 


Type of Disease 
Symptom 








Localized Diffuse 

Routine chest x-ray ................. 18 "ES 
DOMI Liesseudqibses ide asdla edad ds 10 9 
DNE DN uei a olere XM Rx 5 init 
HOMOD BiS aaar r rua es 4 1 
Nonclearing pneumonia............. 2 P 
BIOBnOnOI DIR 66006668 chad insertis -— 3 
Constitutional symptoms ............ 3 11 
Miel. roerien sa enseres RI! 3 

VOU Loi soo opeREW SX ARR PRAE 43 24 

TABLE 2 
Methods of Treatment 
Type of Disease 
Treatment 
Localized Diffuse 

Lobectlomy alone. ....2 adoro 30 
Lobectomy plus radiation ........... 4 L xs 
Pneumonectomy., ..eoocsake wash 2 1 
Chemotherapy plus radiation ........ 1 4 
NOB Loi rortesepku ete ibeonean aot ds 6 
UnE OW vx zs der x X RC ERROR ea 2 2 
Pldialoh AIO. sss oso erri n acl 2 5 
Wedge TesBCclion Lise cia has 2 





TABLE 3 
Survival Data 








Diffuse Disease 





Localized Disease 








No Average Average 
l Follow-up i Follow-up 
_ Cases (mo)* i Cases l (mo) 
Alive without metastases 13 73.4 (4-262) 4 6 (1-16) 


Alive with metastases ... 4  83.3(8-172) 


Dead without tumor ..... 8 52.8(3-96) ... n 
Dead with tumor ........ 8 29.5(6-94) 13 6.4 (1-25) 
No followup ses 8 nd 1 at 





Note. —Localized disease was an incidental finding at autopsy in two cases. 
* Range shown in parentheses. 


time, there does not appear to be histologic criteria 
which allow differentiation of localized and diffuse tu- 
mor. 

Table 2 shows the methods of treatment used in our 
patients. Only one patient with diffuse disease under- 
went a pneumonectomy. This patient had unilateral dis- 
ease. Other patients with the diffuse type were treated 
with chemotherapy, radiation, or a combination. In the 
group with localized disease, 38 patients underwent 
some form of resection. Survival data are shown in table 
3 and figure 2. 


Discussion 


Clinically, one-half of the patients with localized le- 
sions were asymptomatic; nodules were discovered on 
routine chest films. As others have found [15, 18], all 
patients with the diffuse type of bronchioloalveolar car- 
cinoma were symptomatic, frequently with cough or 
constitutional symptoms. Bronchorrhea, thought to be a 
common complaint, was present in only three patients, 
all with diffuse disease. Others have made similar obser- 
vations [15, 19]. In this and other series, the disease 
generally occurred in elderly patients. For many of our 
patients, information on smoking was lacking. When it 
was given, a significant number were nonsmokers or had 
only smoked minimally. In three other series [18-20], the 
incidence of cigarette smoking was 54%, 50%, and 75%, 
respectively. Thus unlike many other primary lung carci- 
nomas, this tumor seems to lack a strong association 
with heavy smoking. 

It would seem that a tumor of this cellular type, which 
is filling the alveoli, would frequently shed cells, readily 
enabling cytologic diagnosis. This was not true in our 
series. Only two patients with diffuse disease had posi- 
tive cytology. Other authors have reported positive spu- 
tum in 18% [18], 25% [19], 27% [20], 50% [21], and 66% 
[15] of their cases. 


Unicentric versus Multicentric 


Storey et al. [12] and subsequently Liebow [4] con- 
cluded that bronchioloalveolar carcinoma is a unicentric 
disease and that the diffuse form represents broncho- 
genic, lymphatic, or hematogenous spread of the pri- 
mary tumor. However, there are few documented cases 
of patients who started with apparent localized tumor 
and subsequently developed diffuse disease. Hawkins et 
al. [22] reported one possible case, but the patient had 
coexisting tuberculosis. Berkmen [23] reported a case 
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TABLE 4 
Survival Rates in Primary Bronchioloalveolar Carcinoma 





3 Year Survival 
Reference 





Total Cases 


Diffuse Localized 


Comment 











Diffuse Localized 
Belgrad et al. [15] ....... 3/17 6/9 
Roelsen et al. [25]....... 0/8 1/3 
Munnell et al. [10]....... 3/3 
Luddington et al. [19] ... 1/26 4/6 
Delarue et al. [20] ....... 0/11 25/63 
Hawkins et al. [22] ...... P 8/14 
Kress and Allan [8] ...... 0/17 7/11 
Marco and Galy [18]..... 0/18 8/11 
Present report .......... 0/11 19/27 











which probably represents a progression to diffuse dis- 
ease. Most patients with localized disease either have a 
good surgical result or metastasize in a fashion similar 
to other primary carcinomas of the lung rather than 
developing into the diffuse form. 

In addition, a number of reports document the long 
persistence of a solitary nodule in the lung prior to 
surgery without evidence of subsequent diffuse spread 
to the lung. Arany [24] reported a very slowly growing 
bronchioloalveolar carcinoma which remained solitary 
for 12 years. Hawkins et al. [22] described 10 patients 
with solitary radiographic lesions which grew slowly for 
periods of 1-8 years. In our series of 43 cases, seven 
patients had a localized nodule or infiltrate which was 
either followed for periods of 1-8 years or unrecognized 
on a prior radiograph for that same period. None of 
these lesions subsequently became diffuse. These find- 
ings suggest that if the disease begins as a solitary 
lesion, it remains solitary. 

Table 4 summarizes survival rates in other series. It is 
apparent that the diffuse form almost invariably leads to 
death within 3 years. Conversely, the localized form has 
an extremely favorable prognosis, much better than 
most primary carcinomas of the lung. Most of the series 
in table 4 show a 50% or better 3 year survival rate; our 
series has a 5796 5 year survival. 

In our series, the size of the primary lesion had only a 
slight correlation with subsequent survival. Many pa- 
tients with large lesions were long term survivors and, 
conversely, some with small lesions were not. Similar 
observations were made by Marco and Galy [18] in their 
11 localized cases. In addition, there was little correla- 
tion between survival and the presence of either a 
sharply or a poorly circumscribed nodule. 


Conclusions 


If bronchioloalveolar carcinoma is a solitary lesion, 
chances of cure are good following appropriate surgery 
(lobectomy or pneumonectomy). If the lesion is diffuse, 
death almost invariably results within 3 years. 





17 


8 





Eight localized cases are alive 
and well at 1-8 years 


11 


4 Two localized cases are alive 
and well at 1'/2-5 years 
7 All localized cases are alive and 
well at 1'/2-4 years 
10 Seven localized cases are alive 
and well at 1-8 years 
63 sued 
17 Ten localized cases are alive and 
well at 1-7 years 
15 Nine localized cases alive and well 
at 2-7 years 
11 Eight localized cases are alive and 
well at 4-16 years 
43 





It is somewhat heretical to suggest that a tumor with a 
well recognized histologic pattern can in actuality repre- 
sent two different tumors. However, pathologists have 
already accepted the fact that metastatic tumor or pri- 
mary adenocarcinoma of the lung can create a histologic 
pattern indistinguishable from primary bronchioloalveo- 
lar carcinoma. We would suggest, based upon the avail- 
able clinical information, that at least two primary tumors 
of the lung have the histologic pattern of bronchioloal- 
veolar carcinoma. One of these tumors is diffuse, and 
the second is solitary. 
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Variation in Measurement of Coronary Lesions on 35 and 70 mm 
Angiograms 


MARTIN G. MYERS,' HARRY S. SHULMAN? ERIC A. SAIBIL,? AND SALIM Z. NAQVI’ 


Inter- and intraobserver variability in the measurement of 
coronary artery stenosis using 35 mm cine and 70 mm spot 
film angiography was examined. Three experienced observ- 
ers measured 52 lesions on two occasions. The 35 mm cine 
was evaluated visually, and a single 70 mm frame demonstrat- 
ing the stenosis was assessed both visually and with a 
calibrated magnifying device (jeweler's eyepiece). Higher cor- 
relation coefficients within and between observers were ob- 
tained using the cine method compared to the 70 mm visual 
and eyepiece techniques. Observer variability was decreased 
further by using an average of several readings from the 35 
mm cine to assess the degree of stenosis. The data suggest 
that neither higher resolution film (70 mm) nor calibrated 
magnifying devices diminish observer variability in the mea- 
surement of coronary artery lesions. 


Introduction 


During the past decade, selective coronary arteriog- 
raphy with the 35 mm cine technique has been used to 
diagnose the presence and severity of coronary artery 
disease. Although single frames of the cine angiogram 
may be examined to visualize the arterial lesion, the final 
measurement is subjective and depends upon the ob- 
server's impression of the extent of vessel narrowing. 
Thus the possibility exists that repeated examinations of 
the same lesion by a single observer or his colleagues 
may yield a variety of results [1]. For this reason, we 
assessed several techniques for evaluating coronary ar- 
tery disease to determine which method provides the 
lowest variability within (intra) and between (inter) ob- 
servers. 

Patients undergoing selective coronary arteriography 
at our institution during 1974 and 1975 were assessed 
using both 35 mm cine and 70 mm spot film angiography. 
The latter was employed to improve the identification of 
arterial lesions and to provide the surgeon with a visual 
record of the arterial tree during the aortocoronary 
bypass procedure. The data from these patients provided 
a basis for the present study in which three experienced 
observers assessed the degree of stenosis in a series of 
coronary artery lesions. Observer variability was exam- 
ined by evaluating the consistency of measurements 
taken on two separate occasions using three different 
measurement techniques. 


Materials and Methods 


Three experienced observers (two cardiovascular radiologists 
and one cardiologist) evaluated the degree of stenosis in 52 
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coronary artery lesions. The lesions were selected from arterio- 
grams performed on 30 consecutive patients who underwent 
both 35 mm cine (64 frames/sec) and 70 mm spot film (4-6 
frames/sec) angiography using a 15.2 cm image intensifier. 
Fifty-two lesions of the right, left anterior descending, and 
circumflex coronary arteries with greater than 3096 stenosis on 
the 70 mm spot film were included for assessment. The exact 
position of each lesion and the "normal" reference point on the 
vessel were clearly indicated on the 35 mm cine and on a single 
70 mm spot film selected for study. 

Inter- and intraobserver variability was confined to measure- 
ment of the specified lesions. No attempt was made to assess 
the individual's ability to recognize the presence of coronary 
artery disease. Each observer independently evaluated the de- 
gree of stenosis of each lesion on two separate occasions 2 
weeks apart using three measurement techniques. The percent- 
age of stenosis was determined by: (1) visual estimation of the 
stenosis on the 35 mm cine angiogram on a Tagarno projector; 
(2) visual estimation of the lesion on a single 70 mm frame; and 
(3) measurement of narrowing on this same 70 mm frame using 
a jeweler's eyepiece and expressing the percentage of stenosis 
as a fraction of the normal vessel. The jeweler's eyepiece was a 
uniocular x7 magnifying device calibrated in 0.1 mm. 

On each occasion the order of the 52 lesions was varied to 
minimize recall of previous measurements. Intraobserver varia- 
bility for the 35 and 70 mm techniques was assessed by 
correlating the 52 measurements from the first reading with the 
values obtained from the second assessment 2 weeks later. 
Similarly, interobserver variability was derived from the correla- 
tion coefficients between pairs of observers on each reading 
day and for each measurement technique. 


Results 


Agreement between pairs of observers was highest 
when the 35 mm cine angiogram was used to assess the 
degree of coronary artery stenosis (table 1). The single 
exception occurred with observers A and B who, on one 
occasion, showed a higher correlation with the 70 mm 
eyepiece technique (r = .833) than with the cine method 
(r = .791). 

Interobserver variability was also assessed by deter- 
mining the number of times the readings of the three 
observers differed by more than 10% stenosis. A differ- 
ence of 10% or less using the cine technique occurred 
for 60% of the measurements compared to 47% and 41% 
using the 70 mm eyepiece and visual methods, respec- 
tively. However, the frequency with which the observers 
differed substantially (greater than 20% in the recorded 
stenosis) was similar for each technique (35 mm cine, 
15%; 70 mm eyepiece, 11%; 70 mm visual, 21%). 
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TABLE 1 
Interobserver Variation 


Correlation Coefficient 
Observer Pair 





Reading 1* Reading 2 

70 mm visual: 

PD 60a Caw E RA .695 .802 

x CREE ME NETS .752 .801 

o POMPE ME .796 .853 
70 mm eyepiece: 

BOS A EER .833 13 

ve ERANI ee aoe FER .739 .818 

Bo chu weapeng Osean .769 wre 
35 mm visual: 

NS cds eiu iur .791 .817 

ND 6 est ekexssekRL .802 .865 

BO Loic rdm ea Eid .918 .857 


* Readings made on two different days. 


Using the cine technique, all three observers agreed 
that lesions were either significant (greater than 5096 
stenosis) or not significant on 76% of readings. Agree- 
ment on whether lesions represented greater or less than 
50% stenosis was only 65% and 64% with the 70 mm 
visual and eyepiece techniques, respectively. 

With the exception of the 70 mm visual readings of 
observer B, the intraobserver variability was lowest with 
the 35 mm cine technique (table 2). Overall, differences 
within and between observers were less with the 35 mm 
cine techniques (r = .791-.918) than with the 70 mm 
methods. Using the 70 mm methods, correlation coeffi- 
cients lower than the minimum value (r = .791) for the 
cine method occurred on eight of 18 occasions (tables 1 
and 2). Differences in correlation coefficients between 
the cine and 70 mm methods were not statistically 
significant (except for observer comparison B-C, 35 mm 
cine versus 70 mm visual) using the Z transformation 
test. . 

The possibility that a mean of two or more cine 
readings may provide the lowest observer variability was 
examined. The means of the three readings of each 
lesion taken by the observers on day 1 using the cine 
method were correlated with the means of the three 
readings from day 2. The correlation coefficient (r — 
.894) was higher than the intraobserver coefficient using 
the cine technique (table 2). Uniformly higher correlation 
coefficients were also obtained if the means of the cine 
readings of each observer recorded on days 1 and 2 
were compared (A-B, r = .854; A-C, r = .876; B-C,r = 
.918). 


Discussion 


Selective coronary angiography has provided valuable 
information on the extent and severity of coronary artery 
disease in patients with angina pectoris. Regardless of 
the arteriographic technique used to assess lesions, a 
certain degree of inter- and intraobserver variability may 
be anticipated. 

In our study, conventional 35 mm cine angiography 
provided the most consistent results when arterial le- 
sions were evaluated by three independent observers. 
Although use of 70 mm spot film achieves a higher 


TABLE 2 
Intraobserver Variation 


Correlation 
Observer Coefficient 
70 mm visual: 
Fe Sih aioe asa eA qa ios 154 
BE Luces dew Rips od A .912 
CPP REN eee ote oh as ee eee 193 
70 mm eyepiece: 
ies d E N E nails ein .821 
Bi. ooo sao dde eb TOE d .761 
a ——— EP RES .819 
35 mm cine: 
NE EE E TEET bdo bri RA .860 
B E A EN rad DERE Cis Ras .834 
ra EEPE S EE ERI .846 


resolution of the coronary vasculature, this technique 
did not improve inter- and intraobserver variability. It 
may be that the number of frames/sec is more important 
than the degree of resolution in determining the consist- 
ency of readings. The 35 mm cine angiogram (64 frames/ 
sec) may offer the observer a greater opportunity to see 
the lesion at its maximum than the 70 mm spot film 
technique (4-6 frames/sec). The inter- and intraobserver 
variability with the cine method could be additionally 
improved if an average of more than one reading by an 
observer or a mean of several observers’ readings were 
used to obtain the percentage stenosis. 

It should be emphasized that our study was designed 
solely to assess observer variability. One can only spec- 
ulate on whether the 35 mm or the 70 mm technique 
most "accurately" represents the true anatomic lesion. 

The inter- and intraobserver variability reported here is 
comparable to the findings of Zir et al. [2]. In their study, 
high quality 35 mm cine angiograms were assessed by 
four observers to determine variability in recognizing 
and assessing coronary artery disease. Their finding of 
65% agreement between observers on the significance 
of the lesion (greater or less than 5096 stenosis) is similar 
to our own cine studies. It appears that a substantial 
degree of observer variability exists whether high quality 
films are evaluated [2] or if the exact sites of the prese- 
lected lesions are clearly identified, as in our study. 

Bjork et al. [3] compared 16 mm cine angiography with 
the 70 mm spot film technique and found no difference 
in interobserver variability. However, intraobserver vari- 
ability was slightly less with the 70 mm film. These 
findings differ somewhat from our results and may be 
due to different methodologies. Bjork et al. [3] compared 
the readings of four observers with standard measure- 
ments, assumed to represent the "true" degree of ste- 
nosis. Two standard measurements were used: the offi- 
cial report of the radiology department, and a reading of 
the percentage stenosis on the 70 mm film using a mag- 
nifying device. There is no evidence that the official re- 
port more accurately represented the true anatomic nar- 
rowing of the vessel. Furthermore, our findings indicate 
that a magnifying device does not improve observer 
variability compared with simple visual reading of the 
lesion. 
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Failure of the magnifying eyepiece to improve observer 
variability was somewhat surprising considering the de- 
sign of our study. Substantial differences in readings 
were obtained even though the exact position of the 
lesion was clearly indicated. It is likely that the variability 
is inherent in the measurement technique since the 
recognition of stenoses was not a factor. 

Better resolution is obtained from 70 mm film than 
from a single frame of the 35 mm cine angiogram. 
However, the cine technique provides a visual integra- 
tion of multiple images; this factor may outweigh the 
benefits of higher resolution and be responsible for the 
lower observer variability of the cine. Although the eye- 
piece magnifies the vessel and its lesion, it does not 
improve resolution. The line spread function of a 2 mm 
artery could conceivably account for a 1096-2096 differ- 
ence in the measurement of its diameter. Thus the 
assessment of stenoses on 70 mm film under magnifica- 
tion may give the observer a false impression of im- 
proved accuracy. 

All previous studies which have examined observer 
variability in coronary arteriography [2-8] have included 
both the detection and measurement of lesions. Since 
the ability of the trained observer to detect lesions was 
eliminated as a factor in the present work, a substantial 
part of the variability in reading coronary arteriograms 
seems to result from the measurement techniques them- 
selves. Simply improving methods of recognizing steno- 
ses may not be sufficient to decrease observer variability. 

In most instances, the intra- and interobserver variabil- 
ity was lowest using the 35 mm cine technique. Although 
differences in the correlation coefficients were not statis- 
tically significant, they are probably of clinical signifi- 
cance. Small discrepancies between readings could be 
an important factor in deciding between medical and 
surgical therapy when evaluating borderline lesions. The 
absence of any improvement in observer variability using 
higher resolution 70 mm film is also noteworthy and 
emphasizes the importance of the cine angiogram in the 
measurement of coronary artery stenoses. 


In clinical practice, it is important to recognize the 
existence of a certain element of observer bias or incon- 
sistency in the interpretation of coronary arteriograms 
regardless of the method of assessment. In spite of the 
lower variability of the 35 mm cine technique, the observ- 
ers in our study disagreed on whether lesions were 
hemodynamically significant in 24% of readings. Multi- 
ple measurements of lesions using the cine angiogram 
may provide a means of minimizing observer variability, 
although this practice may not always be feasible. Ide- 
ally, in cases of borderline stenoses, several examiners 
should evaluate the 35 mm cine angiogram on a number 
of occasions and average the results to obtain the most 
consistent readings. 
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Left Aortic Arch with Right Descending Aorta 


RODRIGO DOMINGUEZ,' KOOK SANG OH,' JOHN P. DORST,? AND LIONEL W. YOUNG' 


A left aortic arch with a right descending aorta is a rare 
congenital anomaly. The radiographic findings in 13 previ- 
ously described cases and three additional cases are dis- 
cussed. Characteristic findings on the plain radiograph and 
esophagram can usually obviate the need for aortography. 
The anomaly was associated with a vascular ring in at least 
four and probably five of the 16 patients. Additional and more 
complex studies may be needed in patients with suspected 
symptomatic vascular rings. 


A left aortic arch with a right descending aorta is a rare 
congenital anomaly which occurs when the terminal 
portion of a left aortic arch crosses the midline to the 
right just anterior to the spine and descends along the 
right paravertebral gutter. This changes the position of 
the descending aorta from the left of the esophagus 
(normal) to the right and can be distinguished from a 
tortuous descending aorta on this basis. 

Paul first described two cases in 1948 [1]. We found 
only 12 additional cases in the literature [2-11]. Two 
cases described by Gasul et al. [12] are believed to be 
two of the three cases reported by D'Cruz [7] and 
therefore are not included. This anomaly can usually be 
recognized radiographically without angiographic find- 
ings. Its rarity and the details of its radiologic analysis 
even in early life warrant additional recognition. We 
report the characteristic radiographic findings in two 
new cases and also in a case previously reported from 
the Children's Hospital of Pittsburgh [2]. 


Case Reports 
Case 1 


A male infant was the full term product of an uncomplicated 
pregnancy. He had a cleft lip. Shortly after birth, he developed 
congestive heart failure and at 5 days was transferred for further 
evaluation. Chest radiography showed moderate cardiomegaly, 
increased pulmonary vasculature, a left aortic arch, and dis- 
placement of the right medial pleural reflection laterally by the 
right descending aorta (fig. 1A). Cardiac catheterization and 
angiography disclosed an endocardial cushion defect, mild 
coarctation, and bilateral superior venae cavae. The aortic 
arch was on the left, but the descending aorta was on the right. 
There was no evidence of an aberrant right subclavian artery or 
of a right patent ductus arteriosus or ligamentum arteriosum 
that could form a vascular ring (fig. 1B). 

The patient was treated with diuretics and digitalis, but he 
did not improve and eventually died. Several other congenital 
anomalies were discovered at autopsy: absence of the inferior 
vena cava, polysplenia, abdominal situs inversus, malrotation, 
right superior vena cava, and persistent left superior vena cava 
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draining into the left atrium. The branching pattern of the aortic 
arch was found to have a normal sequence without presence of 
a ductus arteriosus. 


Case 2 


A 4'/2-year-old girl had a history of cyanosis on the day of 
birth, and congestive heart failure began early in infancy. She 
had been treated with digitalis and diuretics. There were no 
symptoms or signs of a vascular ring. Radiography of the chest 
showed cardiomegaly, and the midportion of the right posterior 
medial pleura was displaced laterally by the right descending 
aorta (fig. 2A). No descending aorta was seen distal to the left 
aortic arch. A mitral prosthetic valve was in place. The cartilag- 
inous rings of the trachea were calcified from unknown cause. 
Cardiac catheterization and angiography disclosed mitral regur- 
gitation, subaortic stenosis, coarctation of the aorta, left patent 
ductus arteriosus, and aberrant right subclavian artery. The 
aortic arch was on the left, but the aorta descended on the right 
(figs. 2B and 2C). The coarctation of the aorta was mild, and the 
left patent ductus arteriosus was hemodynamically insignifi- 
cant. 

The mitral valve was replaced by a Kay-Shirley prosthesis; the 
patent ductus arteriosus was ligated; and fibrous tissue in the 
outflow tract of the left ventricle was resected. The patient 
recovered promptly after surgery and was discharged in good 
condition. 


Case 3 


This 6-month-old girl was the product of normal gestation 
and delivery. Soon after birth she developed symptoms and 
signs of a vascular ring, including stridor, substernal retrac- 
tions, and frequent gagging and vomiting during feeding. Chest 
radiography showed that the posterior medial pleura on the 
right was displaced laterad by the right descending aorta (fig. 
3A). A tracheobronchogram showed displacement of the most 
distal portion of the trachea to the left (fig. 3D). The esophagram 
(figs. 3B and 3C) showed a wide tubular defect in the posterior 
wall of the esophagus. Angiography (fig. 3E) showed an aber- 
rant right subclavian artery arising from a diverticulum of the 
aorta. It confirmed that the aortic arch was on the left and the 
descending aorta on the right. There was no evidence of a 
patent ductus arteriosus, but the presence of an aortic divertic- 
ulum (persistent right dorsal aortic root [10]) strongly suggested 
that the ligamentum arteriosum was on the right. 

Surgery confirmed that the ligamentum arteriosum was on 
the right. The right ascending aorta, left aortic arch, retroeso- 
phageal distal portion of the aortic arch, persistent right dorsal 
aortic root with aberrant right subclavian artery, and right 
ligamentum arteriosum attached to the right pulmonary artery 
formed a vascular ring that compressed the trachea, esopha- 
gus, and the anterior wall of the right main stem bronchus. The 
ligamentum arteriosum was divided, releasing the compression. 
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Fig. 1.—Case 1. A, Anteroposte- 
rior radiograph of chest showing lat- 
eral displacement of right posterior 
medial pleural reflection (arrows), 
moderate cardiomegaly, and in- 
creased pulmonary vasculature. B, 
Angiogram demonstrating left aortic 
arch with right descending aorta. 
Leftward bulge in descending aorta 
below arch (arrow) is related to mild 
coarctation. 


Fig. 2.— Case 2. A, Anteroposterior chest film showing lateral displacement of right posterior medial pleura by right descending aorta. B and C, 
Aortogram showing left aortic arch with right descending aorta, aberrant right subclavian artery and coarctation of aorta. 


The postoperative course was uneventful, and the patient was 
discharged in good condition. When last seen at the Cardiac 
Clinic at age 3 years she was doing well and had no symptoms 
of a vascular ring. 


Discussion 


A left aortic arch with right descending aorta is seen in 
various forms, depending on the sequence of origin of 
the supraaortic branches. The right subclavian artery 
may arise normally from the innominate artery (fig. 4A, 
arch Ill) or anomalously as the fourth branch of the aortic 
arch (fig. 4B). The ductus arteriosus or ligamentum 
arteriosum (for simplicity, both will be referred to as the 
ductus arteriosus) may be located on the left or the right 
(fig. 4B) or, at least in theory, bilateral [10]. 

The origin of the right subclavian artery was deter- 
mined and recorded in 11 of the 16 cases. In five it was 
normal, that is, arising from the innominate artery (case 
1: [1, 7]); in six it was anomalous, as the fourth branch of 


the aorta (cases 2 and 3; [3, 4, 9, 10]). The position of the 
ductus arteriosus was recorded in only six cases. In two 
(case 2; [7]) it was on the left; it was on the right in four 
(case 3; [3, 9, 10]), and probably in another [4]. 

When a right ductus arteriosus is combined with 
anomalous origin of the right subclavian artery, a vascu- 
lar ring always results. Usually the anomalous subclavian 
artery arises from a diverticulumlike outpouching of the 
aorta, which presumably represents a persistent right 
dorsal aortic root [10] (fig. 4C). The right ductus arterio- 
sus attaches to the junction of the persistent dorsal 
aortic root and the base of the right subclavian artery 
(fig. 4C). Vascular ring was present in five cases (case 3; 
[3, 4, 9, 10]). 

When the ductus arteriosus is on the right side but the 
right subclavian artery arises normally (i.e., from the 
right innominate artery), the innominate or aortic attach- 
ment of the ductus arteriosus determines whether a 
vascular ring is present. When this attachment is to the 
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Fig. 3.—Case 3. A, Posteroanterior chest film showing lateral displacement of right posterior medial pleura. Relative hyper- 





lucency of right lung is due to some compression of right main stem bronchus. Other films (not shown) demonstrated bronchial 
compression to better advantage. B and C, Esophagram showing displacement of esophagus by retroesophageal segment of 
aortic arch. D, Tracheobronchogram showing displacement of most distal trachea to left and compression upon right main 
stem bronchus. E, Angiogram demonstrating left aortic arch with right descending aorta and aberrant right subclavian artery. 


Right ligamentum arteriosus completed vascular ring. 


base of the innominate artery, a complete ring is not 
present. However, when this attachment is to the de- 
scending aorta, a complete ring is present since the 
ductus attaches the descending aorta to the right pul- 
monary artery. Edwards [3] suggested that such a vas- 
cular ring may have been present in some cases in which 
the position of the ductus arteriosus was either not 
determined or not recorded. Taussig [13] and Bedford 
and Parkinson [14] suggested a similar variation in a 
mirror image. 

Both of these types of vascular rings are usually 
relatively large and cause fewer symptoms than a double 
aortic arch. When sufficiently large, they may be asymp- 
tomatic. Conversely, even when there is no vascular 


ring, the retroesophageal portion of the aortic arch 
makes a large impression on the esophagus and presum- 
ably may occasionally cause symptoms. 

The reason that the descending aorta is on the right in 
these cases with left aortic arch is uncertain [15]. It 
seems reasonable to presume that when a right ductus 
arteriosus is attached to the descending aorta or to the 
persistent right dorsal aortic root, it may pull the de- 
scending aorta to the right side of the spine [2]. This 
does not explain some of the cases (e.g., case 2; [7]) in 
which the ductus arteriosus was on the left side. 

When the vascular ring is symptomatic, the distal 
portion of the trachea may be displaced to the left, and 
the right main stem bronchus may be compressed. 
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Fig. 4. —Embryologic development. A, Primitive vascular bed and 
origin of aorta and pulmonary artery. B, Persistent right dorsal aortic 
root. C, Vascular ring: right ascending aorta, left aortic arch, right 
descending aorta. a — persistent right dorsal aortic root, b — aberrant 
right subclavian artery, c — right ductus arteriosus. 


Depending on the degree of compression, the right lung 
may be underinflated or overinflated. In this situation, 
the malformation may be confused with a pulmonary 
artery sling, where the left pulmonary artery arises from 
the right pulmonary artery and compresses the right 
main stem bronchus. With the pulmonary artery sling, 
however, the left pulmonary artery passes between the 
trachea and the esophagus, causing a characteristic 
compression upon the anterior wall of the esophagus on 
the lateral chest radiograph. 

The findings on the plain chest radiographs and on the 
esophagram seem to be characteristic and permit diag- 
nosis without more complex studies. Characteristic find- 
ings on the chest radiograph are as follows. 

1. Absence of a left side descending aorta, just distal 
to the left aortic arch (cases 1-3; [4-6, 10]). 

2. Lateral displacement of the right posterior medial 
pleural reflection away from the spine by the right de- 
scending aorta (cases 1-3; [5, 8]). 

3. An additional pleural reflection medial to the right 
border of the left atrium [11]. 

4. Displacement of the most distal trachea to the left 
(cases 2 and 3). 

The findings noted on the barium esophagram are as 
follows. 

1. Lateral view: anterior angulation of the esophagus 
with a wide tubular filling defect along its posterior wall. 
This filling defect is wider than that caused by an aber- 
rant right subclavian artery, and gives an S-shaped 
configuration to the esophagus [6] (case 2; [1, 4-6, 8, 
11]). 

2. Frontal view: no identifiable descending aorta below 
the compressed portion of the esophagus on the left 
(case 2; [1]). 

3. Frontal view: displacement of the distal esophagus 
to the left by the right descending aorta [12] (case 2; [1, 


6]). 


The findings on plain radiographs of the chest and 
esophagogram are so characteristic that in most cases 
this anomaly can be recognized without aortography. It 
is important to understand the significance of the find- 
ings in the simpler radiologic examinations in order to 
avert the need for additional and more complex studies, 
which can be reserved for cases with suspected sympto- 
matic vascular rings. 
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The Dominican Republic Conjoined Twins: Ischiopagus, Tetrapus, 
Omphalopagus 


HENRIETTA KOTLUS ROSENBERG,' THOMAS J. SPACKMAN,' AND ARNOLD CHAIT? 


Alta and Clara, the Dominican Republic conjoined twins 
(ischiopagus, omphalopagus, tetrapus) were evaluated prior 
to separation with plain films, vaginograms, arteriograms, 
intravenous pyelogram, barium enema, and upper gastroin- 
testinal series with small bowel follow-through. The clear 
demonstration of their internal anatomy allowed the surgeons 
to plan the operative approach and to make a reasonable 
judgment regarding viability of each baby. 

Each twin had a semicircular pelvis which joined the other 
to form a complete ring. There were a few hepatic arterial 
twigs from Alta which crossed the midline, proving at surgery 
to be a small bridge of tissue connecting the two livers. 
Clara's superior mesenteric arteries supplied the majority of 
the small bowel. Portal venous drainage was separate for 
each twin. Each baby had two kidneys in normal position with 
the bladders laterally placed. Each bladder received one 
ureter from each twin. Two separate small bowels joined 
proximal to the single colon which terminated in an anus 
related to Clara's pelvic structures. Following separation, 
each baby did well. Their postoperative anatomy is described. 


Precise radiographic demonstration of the organs 
shared by conjoined twins is essential prior to planning 
surgical separation. Because of the constant problem 
with overlapping limbs and trunks, radiographic evalua- 
tion is as challenging technically as the interpretation is 
intellectually. This paper presents the pre- and postop- 
erative radiologic studies on Alta and Clara, who were 
conjoined twins of the ischiopagus (joined by pelvic 
girdle), tetrapus (four legs), omphalopagus (one umbili- 
cus) type before their successful separation at age 13 
months. 


Case Report 


The twins were delivered by cesarean section with a com- 
bined birth weight of 4.7 kg. They were externally connected 
from the level of the xyphoid to the lower margins of the pelvis 
(fig. 1). They were in a face to face position, appearing to 
straddle each other. When one baby was supine, the other was 
forced to sit. They could easily lie in the decubitus position. The 
babies were alert and responsive, and appeared develop- 
mentally normal. 


Preoperative Evaluation 


Skeletal system. An axial projection showed the C-shaped 
pelvis of each twin joined to form a complete ring. The lateral 
projection (fig. 2A), obtained with each twin's legs held behind 
her, showed the pubic bone connection clearly. The vertebral 
columns were completely separate, and no other bones were 
fused. 
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Perineal structures. An orifice which drained urine was lo- 
cated on each side of the common perineum (fig. 3A). Instilla- 
tion of contrast material into each demonstrated a septate 
vagina with double uteri and two fallopian tubes (uterus didel- 
phis bicollis) (fig. 3B). Although the urethras were not identified, 
there was retrograde filling of a urinary bladder on each side. 

Vascular anatomy. After percutaneous femoral artery punc- 
ture, each twin was studied in lateral position by bolus aorto- 
gram and selective celiac and superior mesenteric artery injec- 
tions. Selective celiac injections in Alta (fig. 4A) showed only a 
few arterial twigs extending from her hepatic branches across 
the midline through what proved at surgery to be a small bridge 
of tissue connecting the two livers. Superior mesenteric injec- 
tions in the twins are shown in figures 4B and 4D. Alta's artery 
supplied a few small bowel loops and colic branches, while 
Clara's artery supplied a greater number of small bowel loops 
on both sides of the shared peritoneum. Portal venous drainage 
occurred selectively to the liver on the same side as the injected 
artery (fig. 4C). 

Urinary tracts. Study was done by injection of one twin; no 
significant difference was noted in the rate of opacification 
between the two. On lateral and axial views, each twin was 
shown to have two kidneys in normal position (fig. 5). The two 
urinary bladders were laterally placed, one on each side of the 
common pelvis. Each bladder received one ureter from each 
twin. 

Colon. Barium enema, done through the single anal orifice, 
demonstrated a short shared colon (fig. 6A). On the postevacu- 
ation axial view (fig. 6B) there was reflux into two small bowels, 
and it was therefore assumed that the two ilea were separate to 
the colon or to a point just proximal to the colon. 

Stomach and small bowel. The esophagus, stomach, duo- 
denum, and ligament of Treitz were normally positioned. Each 
twin had a small bowel of relatively normal length located 
primarily on her own side of the common peritoneum. Figure 7 
illustrates the appearance of the gastrointestinal tracts after 
administration of barium to Alta and a carbonated beverage to 
Clara. 


Surgical Separation 


Separation of the twins was accomplished by a team of 
surgeons organized by C. Everett Koop. Incision was made in 
the midline of the abdomen at the most superior point of the 
fusion of the twins and extended bilaterally to the iliac crest. In 
all respects the anatomic findings confirmed the preoperative 
radiologic evaluation. 

The bridge of tissue extending across the midline to connect 
the two livers was divided without particular difficulty. As 
anticipated, two separate small bowels joined just proximal to 
the single colon which terminated in an anus related to Clara's 
pelvic structures. The distal 10 cm of the single colon was left 
with Clara. Her small bowel was separated from the point of 
fusion with Alta and was brought down to anastamose with the 
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Fig. 1.— Twins shortly before separation. Clara, in supine position, 
had always been larger than Alta. Dotted black line represents planned 


incision. 
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Fig. 2. —Lateral projection showing pubic bone connection. 
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Fig. 3. —A, Diagram of perineal relationships. B, Vaginogram showing 
septate vagina and double uteri. 


distal colonic segment. The remainder of the colon was trans- 
ferred to Alta, and a pull-through perineal colostomy was done 
at the site of an anal dimple. Thus Clara was left with a short 
colonic segment and the anatomic anus, while Alta retained the 
ileocecal valve and most of the colon which terminated in the 
pull-through. 

Each of the two bladders received one ureter from each twin, 
and on each side one of the ureters was divided from the 
bladder and attached by a transureteroureterostomy to the 
intact ureter on the contralateral side. Each of the two bladders, 
therefore, received drainage from two kidneys and was associ- 
ated with vaginal and uterine structures for each twin. 

The bony pelvis was separated where the pubes joined 
bilaterally. Anterior wall closure for Alta required sacral osteo- 
tomies for partial reconstruction of the pelvic ring. This was not 
necessary for Clara since there was sufficient abdominal wall 
soft tissue to effect a closure without osteotomy. 

Postoperatively, both twins did relatively well. Clara, with her 
short colonic segment, had problems with persistent diarrhea, 
and Alta required two additional operations to relieve obstruc- 
tions secondary to adhesions. 
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Fig. 4. — Vascular anatomy. A, Celiac injection in Alta showing vessels supplying liver. Two small twigs apparently cross over to supply Clara's liver. 
At surgery, two livers were joined by amorphous piece of tissue approximately 10 cm long and 7 cm at greatest diameter. B, Superior mesenteric artery 
injection in Alta demonstrating main arterial supply to small bowel as well as relatively large vessel with a long branch extending to region of colon. C, 
Late phase of Alta's superior mesenteric artery injection revealing separate portal venous system. D, Superior mesenteric artery injection in Clara 
showing large bridging vessel from superior mesenteric artery providing part of Alta's small bowel arterial supply. Clara's small bowel is supplied only 
by her own vessels. Note faint visualization of Clara's inferior mesenteric artery which on bolus aortogram provides remainder of colon with blood. 


Fig. 5. — Excretory urography. Since 
twins had common blood supply, only 
one was injected with contrast mate- 
rial. A, Lateral projection showing 
each baby with two kidneys in retro- 
peritoneal space. Both bladders filled 
with contrast. B, Axial projection with 
Alta in more supine position and Clara 
slightly elevated. Overhead x-ray tube 
was angled about 10° toward Alta. 
Each laterally placed bladder received 
one ureter from each child. Although 
Alta's right ureter was not visualized 
entering bladder, our assumption that 
it joined in same manner was correct. 
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Postoperative Studies 


One year after separation, the twins returned to Children's 
Hospital of Philadelphia for reevaluation of their pelves and 
genitourinary and gastrointestinal tracts. Both were walking 
with a relatively normal gait, and both demonstrated satisfactory 
growth and development. Clara's pelvis showed wide separation 
of the pubic bones, similar to that seen in extrophy. There was 
only mild separation of Alta's pubic bones, since she had 
undergone previous repair osteotomies. The vaginograms in 
both children showed no change from the studies done prior to 
surgery. The upper urinary tracts were normal, and the transur- 
eteroureterostomies were functioning well without evidence of 
obstruction (fig. 8A). Studies of the gastrointestinal tracts 
showed no abnormalities at the anastomoses (figs. 8B and 8C). 

Tragically, at the age of 3 years, Alta died suddenly after 
aspirating a bean. 


Discussion 


The birth of conjoined twins is a rare event, occurring 
in approximately 1:50,000 to 1:60,000 live births [1, 2]. 


Fig. 6.—Barium enema. A, Lateral 
projection demonstrating short shared 
colon. B, Postevacuation axial projec- 
tion showing reflux into two small in- 
testines. 


Fig. 7. —Upper gastrointestinal se- 
ries after administration of barium to 
Alta and carbonated beverage to 
Clara. Axial (A) and lateral (B) projec- 
tions showing portions of stomach 
and duodenum. 


Robertson [3] analyzed 117 cases of Siamese twins and 
determined the incidence of the various types as being 
73% thoracopagus, 19% pygopagus, 6% ischiopagus, 
and 2% craniopagus. Conjoined twinning is seen two or 
three times more commonly in females than males. 

While ischiopagus twins are usually joined by the 
inferior margins of the coccyx and sacrum with the 
vertebral columns lying in the same axis, the term is 
generally used to indicate a connection by any part of 
the pelvic girdle. Unless a life-threatening situation at 
birth necessitates emergency evaluation and surgical 
separation, it is better to electively study and plan for 
surgery in later infancy [4]. 

Abnormalities occurring in ischiopagus conjoined 
twins which demand immediate correction at birth in- 
clude cloaca with significantly obstructed gastrointes- 
tinal and urinary tracts [4, 5], imperforate anus [6], rectal 
atresia with vesical fistula [7], and ruptured omphalo- 
celes [8]. When the lower gastrointestinal tract is atretic 
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Fig. 8.— Postoperative studies. Excretory urography (A) and barium enema (B), both of Clara. C, Barium enema of Alta. 


or imperforate, surgery must be performed immediately 
to relieve the obstruction, without the help of definitive 
preoperative contrast studies. 

The internal anatomy of ischiopagus, omphalopagus 
conjoined twins is variable. However, the bony connec- 
tion of the pelves is most often similar to our case, with 
each baby's wide open C-shaped pelvis fused to the 
opposite baby's to form a common pelvic ring. In addi- 
tion to the tetrapus variety, bipus and tripus types have 
been described [9-11]. The lower extremities lie at right 
angles to the body axis. The bladders generally lie on 
either side of the common pelvis with each bladder 
receiving a ureter from each baby. It is not uncommon to 
see septate vaginas, bicornuate uteri, or cloacal prob- 
lems. The upper gastrointestinal tracts are usually nor- 
mal with the distal small bowels joining to form one 
terminal ileum which connects to a short single colon 
with a single anal opening. The major abdominal arterial 
trunks from each twin's aorta are generally the same as 
in a normal baby. The more distal branches are extremely 
variable, as in our case, with vessels from one baby 
supplying parts of the other baby's gastrointestinal tract. 
The livers are generally connected by a small bridge of 
tissue, especially in the omphalopagus type. The abdom- 
inal arteriogram, including films of the portal venous 
drainage, is essential prior to surgery since inseparability 
of the livers may prevent survival of both babies. If there 
are only a few connecting twigs as in our case, separa- 
tion can be successful. 

Special technical problems are encountered when 
studying ischiopagus conjoined twins. First, the babies 
should be hand held for optimal positioning and stability. 
In the lateral projection, it is quite simple to place their 
arms and legs behind them, thus not obscuring the areas 
of interest. Obtaining useful information in the antero- 
posterior projection is particularly difficult with the is- 
chiopagus type of conjoined twinning because one baby 


is forced to sit when the other is supine; there are 
constant problems with overlapping limbs and trunks. 
An axial projection with the babies’ trunks maximally 
separated with the limbs out to the side and only the 
buttocks actually against the x-ray table proved valuable. 
The central x-ray beam should be directed through the 
center of the common pelvic ring. At times it was neces- 
sary to angle the x-ray tube a few degrees toward the 
infant of interest. 

To obtain the intravenous pyelogram, it is necessary to 
inject only one infant. To clearly delineate the gastroin- 
testinal tracts, we found it useful to feed one baby a 
carbonated beverage and the other, barium. The post- 
evacuation film of the barium enema was most helpful 
for definition of the distal small bowel connection. 
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Renal Vein Valves 


JUAN A. OLEAGA,' ERNEST J. RING, DAVID FREIMAN, AND JAMES W. HUSTED 


A total of 33 renal venograms were reviewed to determine 
the incidence of radiographically demonstrable valves. Valves 
were identified in five of 22 left renal venograms and two of 11 
right renal venograms. On the right side in both patients the 
valve was located at the junction of the renal vein with the 
inferior vena cava. On the left, valves were located in the 
main renal vein proximal or distal to the gonadal vein and in 
one patient in a segmental upper pole tributary. These valves 
are significant because of the technical difficulties they can 
create during renal venography and their possible usefulness 
in selecting the site of anastomosis in patients undergoing 
distal splenorenal shunts. 


Renal venography has been performed for many years to 
opacify the main and segmental tributaries. Recent tech- 
nical modifications have enabled routine visualization of 
the entire venous system to the level of the cortical 
intralobular veins. This has created a renewed interest in 
the application of venography for the demonstration of 
renal pathology. To perform an optimal renal venogram, 
contrast material should be injected near the confluence 
of the segmenial tributaries. In several instances we 
encountered difficulty advancing the catheter to this 
point because of the presence of intraluminal valves. 


Materials and Methods 


Thirty-three renal venograms were reviewed to determine the 
incidence of radiographically demonstrable valves. The exami- 
nations were performed for a variety of reasons, including 
evaluation of poorly vascularized masses, inflammatory dis- 
eases of the kidney, and exclusion of renal vein thrombosis. 

Femoral vein catheterizations were performed using standard 
technique. A no. 6.7 French polyethylene catheter with multiple 
side holes was advanced through the inferior vena cava into the 
renal vein. A J-shaped guide wire was placed through the 
catheter to a point near the confluence of the segmental veins, 
and the catheter was advanced over it. A stainless steel tip 
occluder was used to prevent the jet of contrast material from 
injuring the intima of the vein. Venograms were performed 
using 24-30 ml of 76% meglumine diatrazoate injected at rate of 
12-15 ml/sec. To temporarily slow arterial blood flow, 10-12 yg 
of epinephrine was injected immediately prior to the venous 
injection into the ipsilateral renal artery through a previous 
placed selective arterial catheter. Films were obtained at a rate 
of two per second for 3 sec and one per second for 4 sec. Renal 
vein valves were identified as thin, lucent, intraluminal cusps 
visible in a localized area of bulbus dilatation. 


Results 


Valves were identified in five of 22 left renal venograms 
and two of 11 right renal venograms (fig. 1). On the left 


Received October 18, 1977; accepted after revision January 30, 1978 


side, the valve was proximal to the gonadal vein in three 
cases, while in two cases it was distal. In both patients 
with right renal vein valves, the valve occurred at the 
junction of the renal vein with the inferior vena cava. In 
one patient a valve was demonstrated in a segmental 
upper pole tributary of the left renal vein. A valve was 
also demonstrated in the left spermatic vein of one 
patient who had a valve in his left renal vein. In the other 
four cases with left renal vein valves, the gonadal vein 
was not well visualized. 


Discussion 


The occurrence of valves in the renal veins has been 
controversial. In 1868, Henle [1] suggested their pres- 
ence, and his observation was subsequently confirmed 
by other investigators [2, 3]. As recently as 1962, how- 
ever, reports have denied their existence [4]. Ahlberg et 
al. [5], while studying autopsy material, found valves in 
the main trunk of the left renal vein in 496 of the 
specimens they examined and showed a 2896 incidence 
of valves on the right side. In their series, the valves 
occurred on the left approximately 1.5 cm from the 
inferior vena cava, medial to the drainage of the gonadal 
vein, and on the right at the junction of the renal vein 
with the inferior vena cava. They concluded that valves 
tended to occur in the left renal vein when there were no 
valves in the corresponding gonadal vein, and on the 
right side when the gonadal vein terminated directly into 
the main renal vein rather than emptying into the inferior 
vena cava. 

Our experience using venography was somewhat dif- 
ferent. The valves in our series occurred anywhere along 
the course of the main renal vein. In one case a valve 
was even present in a segmental upper pole tributary. 
The disparity between the radiographic observations that 
valves occur more commonly on the left side and the 
autopsy studies which showed a much higher incidence 
on the right is difficult to explain. This may be related to 
the length of the left renal vein, which allows for better 
opacification of the valves. Since the right renal vein 
valves occur near the junction with the inferior vena 
cava, nonopacified blood from the inferior vena cava 
may obscure their presence in some cases. 

The significance of renal vein valves rests in the 
technical difficulties they create during renal venog- 
raphy. If the cause of obstruction is recognized, a J- 
shaped guidewire can be passed through the valve and 
the catheter advanced closer to the renal parenchyma. 
In addition, the preoperative demonstration of a valve in 
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| Fig. 1. —Renal vein valves in three patients. A, Valve in main renal vein just proximal to gonadal vein (arrow). Additional valve is also present in gonadal 
vein (open arrow). B, Renal vein valve in segmental upper pole tributary branch. C, Patient with occluded inferior vena cava (arrow); good retrograde 


filling of left main renal vein. Renal vein valve (open arrow) prevents reflux into right main renal vein. 


the renal vein may be useful for selecting the site of 
anastomosis in patients undergoing distal splenorenal 
shunts. 
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Computed Tomography of Cerebellar Astrocytoma 


ROBERT A. ZIMMERMAN,! LARISSA T. BILANIUK,' LEONARD BRUNO, AND JEFFREY ROSENSTOCK? 


Analysis of CT scans of 25 patients with cerebellar astrocy- 
toma indicates that a typical spectrum of findings exists for 
the cerebellar astrocytomas. CT is highly accurate in delinea- 
tion and characterization of new and recurrent tumors. Recur- 
rences may be demonstrated long before symptoms occur. 
The density of the fluid in the tumor cyst is twice that of 
cerebrospinal fluid. Thus differentiation from nonneoplastic 
cystic lesions and postoperative defects is possible. CT find- 
ings of solid or cystic tumor frequently correlate with histo- 
logic categorization, and in such cases prognostic information 
can be derived from the CT appearance. 


Cerebellar astrocytoma is one of the more frequent 
pediatric brain tumors. The survival rate following treat- 
ment is among the highest [1-4]. Data based on a review 
of 25 cases of cerebellar astrocytoma reveal that com- 
puted tomography (CT) may be a factor in further im- 
provement of the survival rate. There is a characteristic 
spectrum of CT findings, allowing not only initial correct 
diagnosis and delineation, but detection of the recurrent 
tumor long before it produces symptoms. The recurrent 
tumor may have a different constitution from the original 
tumor, and thus may have more favorable characteristics 
for resection. Effectiveness of the type of therapy, sur- 
gery alone or with radiotherapy, can also be evaluated 
by CT. 

An asymptomatic recurrence of a cerebellar astrocy- 
toma in a 10-year-old female treated by surgery 28 
months earlier prompted the establishment of a protocol 
for CT evaluation of patients who have had cerebellar 
astrocytomas. It was decided to recall and perform CT 
on the patients that had been treated at the Children's 
Hospital of Philadelphia. 


Subjects and Methods 


A diagnosis of cerebellar astrocytoma was made by CT in 10 
patients during the past 2'/2 years at the Hospital of the Univer- 
sity of Pennsylvania. These 10 astrocytomas represent 10% of 
the pediatric brain tumors diagnosed during the 2'/2 year period. 
Our study group included an additional 15 patients who had 
only posttreatment CT examination because their initial diag- 
noses were made prior to the availability of CT. All 25 patients 
had CT following definitive treatment (surgery in 16, surgery 
and irradiation in nine). Of the 25 patients, 14 were female and 
11 were male; age at original tumor diagnosis ranged from 3 to 
21 years (average, 8.6 years). The period of follow-up ranged 
from 6 months to 16 years; for about half of the patients it was 
longer than 3 years. 

All CT examinations in this series were performed on an EMI 
head scanner with water bag and a 160 x 160 matrix. Density of 
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cerebrospinal fluid, tumor, and tumor cyst fluid was determined 
by averaging 153-325 pixels in each area of interest. Maximum 
diameter of tumors was determined by measurement from hard 
copy of the cathode ray image corrected for magnification. 


Results 


Of the 10 newly diagnosed tumors, five were in the 
vermis, three involved both the vermis and cerebellar 
hemisphere, and two were limited to the cerebellar 
hemisphere. The CT characteristics and histologic clas- 
sifications of these tumors are given in table 1. One 
cystic tumor and one solid tumor with cyst, both showing 
contrast enhancement of the cyst wall (fig. 1), were 
found at surgery to have tumor lining the cyst wall. Three 
cystic tumors contained a single mural nodular focus 
(fig. 2) and did not show enhancement of the cyst wall. 
In two of these the mural nodule also did not enhance. 
At surgery no tumor was found in the walls except for 
the mural nodule. Five tumors were solid and showed 
contrast enhancement (fig. 3). 

The CT findings and clinical state of the nine patients 
with recurrent tumor are given in table 2. All of the tumor 
recurrences showed evidence of contrast enhancement 
of the cyst wall (fig. 4), of mural tumor nodules (fig. 5), 
or of the solid tumor. Of the four originally solid tumors 
that recurred, three recurred in cystic form. Four of the 
nine tumors recurred despite both surgical resection and 
radiotherapy. Whereas six of the nine recurrences were 
in patients with vermian tumors, 11 of 13 patients without 
recurrences had tumors in the cerebellar hemisphere. 
Symptomatic recurrent tumors were 2.3-6.0 cm in maxi- 
mum diameter; asymptomatic recurrent tumors were 
3.0-4.5 cm. The density of the fluid within the tumor cyst 
in recurrent cystic astrocytomas was 6.1-10.9 EMI units 
(average, 8.5). 

Two patients with asymptomatic recurrences were 
followed for 1 year. The maximum diameter of the tumor 
cyst increased 1.3 cm in one case and 1.5 cm in the other 
(fig. 4). The latter patient developed hydrocephalus, 
became symptomatic, and underwent complete tumor 
resection. The other patient had hydrocephalus on CT 
but remains asymptomatic. Five of the nine recurrences 
have undergone surgery with complete tumor removal in 
four. 

Thirteen patients were found to be free of tumor on 
posttreatment CT examination. These include five pa- 
tients with newly diagnosed tumors. Measurement of 
surgical defects in these patients gave density ranges of 
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TABLE 1 
CT Findings and Histologic Classification in Newly Diagnosed Cerebellar Astrocytomas 














Preinjection 





Case Age and Sex Type Histology* tl eal — E ee Hydrocephalus 
units 
ps. -— 7, M Cystic A 3.1 8.8 + Moderate 
ON er ta, F Cystic A 4.0 11.D + Moderate 
MEEL eee HE Cystic A 5.2 7.3 -— Moderate 
| reece 10, M Cystic A 5.6 10.5 = Moderate 
PM. rue 12, F Solid A 4.8 12.6 + Moderate 
d. M Seas 6,F Solid and B 5.0 11.6 + Marked 
cystic 

E lonis 9.F Solid B 4.6 14.1 + Moderate 
B. PS anauata 5.F Solid B 3.0 15.8 + Moderate 
Om. A IL. T Solid B 2.0 14.2 * Marked 
B. A. cocos 15, M Solid B 3.3 16.1 4 Moderate 








* Classification according to Winston et al. [3]. 
t Hounsfield units = 2 x EMI units. 


Fig. 1.— Cystic cerebellar as- 
trocytoma in 12-year-old female 
with headache, nausea, and 
vomiting for 5 weeks and inten- 
tion tremor in left arm. Scan 
after injection of contrast mate- 
rial Shows enhancement of mar- 
gin of cystic tumor in left cere- 
bellar hemisphere and vermis 
(arrowheads). Fourth ventricle is 
displaced anteriorly to right and 
superiorly (arrow). Hydrocepha- 
lus is present. Density of cyst 
fluid measured 11.0 EMI units. 
Cerebrospinal fluid in ventricular 
system measured 3.3 EMI units. 








Fig. 2.— Cystic cerebellar astrocytoma in 11-year-old male with head- 
aches, nausea, and vomiting for 12 weeks; right cerebellar symptoms 
were present. A, Large right cerebellar cyst extends into vermis. Mural 
tumor nodule is identified laterally (arrow) and hydrocephalus is present. 
Cyst fluid measured 10.5 EMI units; cerebrospinal fluid measured 3.6 
EMI units. B, 19 months after surgical excision of cystic astrocytoma, 
fourth ventricle is at midline and residual hole is present in right 
cerebellar hemisphere. Surgical site measures 3.8 EMI units. 


3.6-4.5 EMI units, (average, 4.0). This was in the range 
of cerebrospinal fluid (3.3-4.1 EMI units, average 3.7). 
Enlargement of the fourth ventricle and the perimesen- 
cephalic and cerebellopontine angle cisterns was an 





Fig. 3.—Solid vermian astrocytoma in 9-year-old female with head- 
aches, vomiting, and ataxia for 6 weeks. A, Area of decreased density in 
vermis extends into left cerebellar hemisphere. Temporal horns are 
dilated and consistent with hydrocephalus. Fourth ventricle is not identi- 
fied. Density of vermis measures 14.1 EMI units. B, After injection of 
contrast material tumor shows homogeneous enhancement. 


expected consequence of surgery (fig. 4C). Absence of 
the fourth ventricle and/or cisterns was considered 
suggestive evidence of tumor recurrence (figs. 4A and 
4B). There was absence, distortion, or displacement of 
the fourth ventricle in all recurrences. 


Discussion 


Prior to diagnosis, cerebellar astrocytomas may pro- 
duce symptoms over a period of several weeks to 3 years 
[1-5]. The earliest manifestations are those of increased 
intracranial pressure, such as headache, nausea, vomit- 
ing, and blurring of vision [1, 6, 7]. These symptoms 
occur with both the vermian and hemispheric astrocyto- 
mas, and often are the only manifestations of the vermian 
tumors. In our series, all 10 patients with newly diag- 
nosed cerebellar astrocytomas had hydrocephalus. The 
second most frequent symptom is ataxia [6], followed by 
evidence of homolateral cerebellar dysfunction in the 
case of hemispheric tumors [7]. The tumors tend to be 
large at the time of diagnosis, especially the cystic ones 
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CT Findings and Clinical State in Recurrent Cerebellar Astrocytomas 











Original Lesion Type of 


f Interval before 
Maximum 





Case Age and Sex p^ NOT Recurrence Diameter (cm) rco eee Clinical 
Hb sensi: 16, M Cystic A Cystic 4.5 34 Asymptomatic 
T Ber sw 9, M Cystic A Cystic 3.2 22 Asymptomatic 
EO re 28, F Cystic A Cystic 6.0 84 Symptomatic 
E eee HF Cystic A Cystic 5.5 6 Symptomatic 
MIB. osi 14, F Cystic A Cystic 3.0 6 Asymptomatic 
3° N 16, M Solid AB Cystic 3.8 44 Asymptomatic 
BS. WW. cus 10, F Solid B Cystic 3.6 29 Asymptomatic 
T — 17, M Solid B Solid 2.3 27 Symptomatic 
ON See 10, F Solid B Cystic 5.0 14 Symptomatic 





Note. — All recurrent astrocytomas showed contrast enhancement. 
* Classification according to Winston et al. [3]. 





Fig. 4.—Recurrent cerebellar astrocytoma in asymptomatic 10-year- 
old female 29 months after resection of solid astrocytoma. A, Large area 
of decreased density is present in left cerebellar hemisphere with cal- 
cification along its medial margin (white arrow). Fourth ventricle (open 
arrow) lies adjacent to left cerebellar cystic area. Density of fluid 
within cyst measured 8.1 EMI units. Hydrocephalus was not present. B, 
13 months later recurrent left cerebellar cystic tumor has enlarged. Con- 
trast enhancement of tumor margin is shown (arrowheads). Fourth ven- 
tricle is displaced further to right (arrow) and hydrocephalus is present. 
C, 11 months after surgical resection of recurrence, large area of de- 
creased density in left cerebellar hemisphere measures 3.8 EMI units. 
Fourth ventricle is in normal position, and there is no evidence of hydro- 
cephalus. 


[6]. This was true in our series: cystic tumors were 4.0- 
5.6 cm in diameter and solid ones, 2.0-4.8 cm. 

Tumor cysts are known to contain highly proteina- 
ceous fluid [6]. The protein content is high enough to be 
differentiated by CT from cerebrospinal fluid. The albu- 
men content in cerebrospinal fluid was analyzed by 
Norman et al. [8], who found a direct linear relationship 





Fig. 5.— Recurrent cerebellar astrocytoma in asymptomatic 16-year- 
old male 44 months after resection of solid vermian astrocytoma. A, 
Midline area of decreased density has cystic appearance with central 
nodule of increased density. Density of cystic portion of tumor measured 
9.9 EMI units. Hydrocephalus is not present. B, 13 mm lower, after 
injection of contrast material, inferior margin of central tumor nodule 
shows enhancement. 


between albumen content and attenuation coefficient. 
For every increase in cerebrospinal fluid albumen con- 
tent of 500 mg/100 ml, there is a corresponding increase 
in the EMI number by 0.5 unit [8]. For example, the EMI 
number of cerebrospinal fluid with normal albumen 
content differs by 2 EMI units from cerebrospinal fluid 
with 2,000 mg/100 ml albumen. The density of cerebro- 
spinal fluid measured 3-4 EMI units within the center of 
the dilated frontal horns. The fluid within the cystic 
tumors of this series was 7.3-11.6 EMI units, and that 
within the recurrent cystic tumors, 6.1-10.9 EMI units. 
On the average there was a difference of 4 EMI units 
between cerebrospinal fluid and tumor cyst fluid. In two 
cases, tumor cyst fluid was obtained during surgery and 
analyzed; in one case it was 1,500 mg/100 ml protein 
and in the other, 2,000 mg/100 ml. In these instances the 
corresponding increase in the EMI number per 500 mg/ 
100 ml was about twice that found by Norman et al. [8] 
for albumen. The greater attenuation coefficient of the 
tumor cyst fluid, above that of similar albumen concen- 
tration, is believed to be related to the heterogeneous 
nature of the cyst fluid which consists of protein mole- 
cules of equal and greater density than albumen. 
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Gol [6] states that half of the cystic tumors have a 
mural nodule, with the wall of the cyst composed of 
either a layer of reactive nonneoplastic cerebellar tissue 
or ependymal lining. This was the case in three of the 
five cystic tumors in our series. Gol further states that in 
the other half, the tumor cyst has a wall of poorly cellular 
tumor, as in the remaining two cystic tumors in this 
series. Degeneration of the central portion of the tumor 
is a likely explanation for this last group [9]. CT showed 
contrast enhancement in the wall of the cystic lesions 
lined by tumor, but not in those with walls composed of 
reactive nonneoplastic cerebellar tissue. Two of the 
three cystic lesions with mural tumor nodules did not 
show contrast enhancement of the nodules. Reports by 
Naidich [9] and Harwood-Nash and Fitz [5] describe 
marked contrast enhancement in these mural tumor 
nodules. It is possible that the lack of enhancement in 
these two cases may be due to the small size of the mural 
tumor nodule and to CT averaging of the tumor nodule 
with the adjacent proteinaceous fluid of the cyst. The 
four recurrent cystic astrocytomas with mural tumor 
nodules did demonstrate contrast enhancement. The 
tumor nodules in the four recurrent cases were larger 
than those in the newly diagnosed cases. 

Resectability and survival depend on the location and 
histology of the neoplasm. All tumors in our series were 
classified into groups A, B, and AB according to the 
histologic criteria of Winston et al. [3] for cerebellar 
gliomas. Heretofore, cerebellar astrocytomas were cate- 
gorized as cystic or solid. In the series of Winston et al. 
[3], large cysts were not entirely confined to group A; 
70% of group A tumors had cysts, but 23% of group B tu- 
mors were also cystic. The cerebellar astrocytomas 
grade 1 and 2 fall into the A group and the malignant as- 
trocytomas into group B. Group AB includes histologic 
features of both groups. The histologic grade and type 
for the tumors of our series are given in tables 1 and 2. 
About 8596 of tumors entirely cystic on CT were of group 
A histology, and 7896 of tumors purely solid on CT were 
of group B. Solid tumors with cystic components were 
either AB or B. The more invasive cerebellar astrocyto- 
mas tend to be midline [10], as were two-thirds of the 
groups B and AB tumors in this series. 

Complete surgical removal is feasible for the cystic 
tumors, which represent 5596-8296 of the cerebellar 
astrocytomas [1, 4, 6]. Winston et al. [3] reported surgical 
resectability approaching 10096 and 10 year survival in 
9496 of group A cerebellar gliomas. For group B they 
reported resectability of 35% and 10 year survival in 
29.496. 


Conclusions 


Computed tomography is accurate in detection and 
delineation of cerebellar astrocytomas. There is a fairly 
good correlation between cystic tumors and histologic 
group A, and solid tumors and histologic group B. On 
the basis of density, CT can differentiate solid from 
cystic cerebellar astrocytomas (table 1). This has prog- 


nostic significance because the two histologic groups 
have different resectability success and survival rates. 

On CT, the margins of cystic cerebellar astrocytomas 
may or may not enhance with contrast material; if there 
is a mural nodule, it may or may not enhance. The 
density of fluid within the cystic astrocytomas measures 
about twice that of cerebrospinal fluid; this is consistent 
with the high protein content of cyst fluid found at 
surgery. The higher EMI number of the fluid helps 
differentiate these tumors from other cystic lesions. 

CT scans should be done before and after administra- 
tion of contrast material, in order to differentiate solid 
cerebellar astrocytomas from ependymomas and medul- 
loblastomas, and cystic astrocytomas from a trapped 
fourth ventricle or subarachnoid cysts. The solid astro- 
cytomas have slightly decreased density and enhance 
uniformly. Medulloblastomas also enhance uniformly but 
have increased density [11]. Ependymomas are of varia- 
ble density and of variable enhancement, and frequently 
contain calcifications. The CT characteristics of the 
various tumors are based on review of 101 cases of 
pediatric tumors studied by CT at the Hospital of the 
University of Pennsylvania [12]. 

CT plays a major role in evaluation of patients after 
therapy for cerebellar astrocytomas. Because symptoms 
may occur late, the original tumors tend to be large and 
the postresection defects are also large. As a result, if 
the tumor recurs it has space into which it can grow. 
However, these recurrent astrocytomas are well demon- 
strated by CT and have the same spectrum of CT findings 
as the newly diagnosed tumors. When a tumor recurs it 
does not necessarily retain its original characteristics. 
Because fluid density within the recurrent cystic tumor 
measures about twice that of cerebrospinal fluid, differ- 
entiation of tumor cyst from postoperative defect is 
possible. The density of fluid in the area of surgical 
defect falls within the range of cerebrospinal fluid. 
Compression or distortion of the fourth ventricle and of 
the cerebellopontine angle or perimesencephalic cis- 
terns was a consistent finding in the recurrent cerebellar 
astrocytomas, despite the occasional absence of hydro- 
cephalus. On follow-up CT scans, patients free of tumor 
have varying degrees of fourth ventricular enlargement, 
enlargement of the cerebellopontine angle and of the 
perimesencephalic cisterns, and some degree of surgical 
defect within the vermis or cerebellar hemisphere. 

Our findings strongly indicate the need for a more 
systematic monitoring of patients after therapy. It is 
desirable that patients with a prior history of cystic or 
group A cerebellar astrocytomas have a CT examination 
1 year after surgery, even if they are asymptomatic. 
Furthermore, we suggest that an additional CT scan be 
performed 3-5 years after surgery. A closer follow-up is 
suggested for patients with solid or group B cerebellar 
astrocytomas: CT examination 1 month after treatment 
and reexamination every 12 months for the next 5 years. 
This is particularly important since a solid tumor may 
recur in a cystic form, as happened in three patients in 
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7. Bell WE, McCormick WF: Posterior fossa tumors, in /n- 
creased Intracranial Pressure in Children, vol 8. Philadel- 


this series. The cystic tumors are more readily resecta- 
ble; consequently, repeat surgery may result in cure. 
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Resolving Intracerebral Hematoma: Alteration of the “Ring Sign" with 
Steroids 


D. WAYNE LASTER,’ DIXON M. MOODY, AND MARSHALL R. BALL 


A ring of contrast enhancement is seen on CT scans of 
resolving intracerebral hematomas. This ring can be modified 
with steroid administration in the early stages; however, 
enhancement seen in the later stages is not affected. Evi- 
dence suggests that the early ring is due to blood-brain barrier 
breakdown, and the later enhancement is due to vascular 
granulation tissue. The following six stages of hematoma 
resorption were identified depending on the hematoma den- 
sity, the presence or absence of a ring of enhancement, and 
the response of the ring to steroid administration: | = dense 
hematoma without enhancement; II = decreasing density, 
enhancement, modification of enhancement with steroid; III 
= isodense hematoma, enhancement, modification with ste- 
roid; IV = lucent hematoma, enhancement, modification with 
steroid; V = lucent hematoma, enhancement, no modification 
with steroid; and VI = healed, no enhancement. 


The ring of enhancement seen on computed tomography 
(CT) in many pathologic conditions [1-4] is frequently 
observed in resolving intracerebral hematoma. The etiol- 
ogy of the enhancement in this condition has been a 
Subject of speculation; proposed mechanisms include 
blood-brain barrier breakdown, vascular granulation tis- 
sue, and luxury perfusion. In the latter two an overabun- 
dant blood supply would be expected [5-8]. However, in 
Studies by Kuhl et al. [9] on cerebral blood flow using 
"»" Tc-labeled red blood cells and the Mark IV system for 
radionuclide emission, CT provided evidence that hyper- 
emia is not the cause of the early ring of enhancement. 
This clinical study was undertaken to determine the 
time of appearance of the ring, its change with time, and 
the effect of steroids on its appearance. A clear pattern 
emerged which supports the contention that early ring 
formation is related to blood-brain barrier breakdown 
and can be modified with steroids. A later stage of 
enhancement, not affected by steroids, is due to vascular 
granulation tissue demonstrated histologically. 


Materials and Methods 


The series consisted of 54 patients with spontaneous or 
traumatic intracerebral hematoma. Patients with hematoma 
secondary to aneurysm, arteriovenous malformation, or neo- 
plasm were not included. The medical records were reviewed to 
determine the onset of clinical symptoms. 

Patients were scanned with the Mark | EMI scanner at 138 
kVp and 28 mA. Eight patients were studied prospectively at 
biweekly intervals. Infusion studies were performed with 300 ml 
Reno-m-Dip; scanning began 5 min after start of the infusion. 
The initial steroid dosage was 10 mg Decadron orally followed 
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by 4 mg orally every 6 hr for 48 hr. CT was performed 48 hr after 
initiation of steroid treatment and repeated 48-72 hr after 
discontinuation of steroid. Table 1 summarizes the number of 
scans in each group of patients. 


Results 


Six stages of hematoma resorption were delineated. 
The stage depended on density of the hematoma, pres- 
ence or absence of a ring of enhancement, and the 
response of the ring to steroid administration (table 2). 

Stage | of hematoma resorption lasts 1-10 days from 
onset of symptoms. During this stage the hematoma has 
high absorption values (35-45 EMI units), is well margin- 
ated, and is surrounded by a thin peripheral lucency. 
Usually no ring of enhancement is seen with infusion of 
contrast material (fig. 1). 

Stage ll occurs at 3-20 days. In this stage the hema- 
toma diminishes in density and develops indistinct mar- 
gins. The mass effect of the hematoma may be slightly 
greater than seen initially. A well formed, wider periph- 
eral halo of lucency is present, and a well formed ring of 
enhancement may appear (fig. 1). The ring of enhance- 
ment occurs within the peripheral halo of lucency, which 
may be of variable thickness. After enhancement, a very 
thin ring of lucency is usually present peripheral to the 
ring. This ring of enhancement can be modified with 
steroids (fig. 1). This is the stage of hematoma resorption 
studied by Kuhl et al. [9], who demonstrated that hyper- 
emia is not the mechanism for the peripheral ring of 
enhancement. We have observed peripheral enhance- 
ment developing at 3 days. Histologic examination failed 
to demonstrate vascular granulation tissue (fig. 2). 

Stage Ill, the isodense phase, occurs at 18-64 days. 
The isodense hematoma is capped peripherally by a thin 
rim of lucency. Enhancement occurs within the lucency 
after infusion of contrast material, and this enhancement 
can be modified with steroids (figs. 1 and 3). Without a 
previous scan for comparison, the diagnosis of a resolv- 
ing intracerebral hematoma may not be made. 

Stage IV occurs at 35-70 days and is characterized by 
a lucent region usually surrounded by a ring of enhance- 
ment that is modified with steroids (fig. 4). 

Stage V, at 42-84 days, demonstrates a lucent hema- 
toma. When a ring of peripheral enhancement is seen. it 
is not affected by steroids (fig. 5). Histologic examination 
during this stage demonstrates vascular granulation tis- 
sue (fig. 6). 
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TABLE 1 
Patients Examined in Each Stage of Hematoma Resolution 


No. Steroid- 
Stage No. Patients No. Scans No. Rings treated Pa- 


tients 


Comment 


cem 54 86 0 0 34 patients studied acutely without follow-up 
scans 

| rrr 18 21 18 2 Both patients treated with steroids had modifi- 
cation of rings of enhancement 

EEEN EET TPT 3 8 3 1 Modification occurred in patient given steroids; 
followed from stage | 

E ETRIE E 2 4 2 2 Modification occurred in both patients given 
steroids; followed from stage | 

MW EE PERE ETEEN, 2 4 2 2 No ring modification occurred on steroids; one 
patient followed from stage | 

Mou was Red 3 3 0 0 Previous scans were performed in stage | or Il; 
one patient had residual calcification 

TABLE 2 


Stages of Intracerebral Hematoma Resolution 


s E i a € P M — — ———————————— 
————————————————MHÉÉÁÉÉ————————M—M———ÉÉÉÉÉ————————————————————————————————————————————eO 


Ring 


Stage Time (days) p een of Enhance- icd Comment 
ment 
eee a cl ee e trt Rt Re Rc 
e zasdzreedénka 1-10 Dense — — Dense hematoma with no enhancement; a thin peripheral rim of lucency 
develops 
| Berar 3-21 Decreasing + + Enhancement usually occurs at 10-21 days on medial aspects of periph- 
density eral lucency; steroid modifies enhancement; histology fails to demon- 
strate neoangiogenesis 
I PRAAT" 18-64 Isodense + + Enhancement modified by steroid; diagnosis cannot be made without 
previous study or if patient is on steroid 
| EREET 35-70 Lucent + + Hematoma is lucent; enhancement occurs, modified by steroid; decreas- 
ing mass effect 
MN E 42-84 Lucent + — Hematoma is lucent; increased peripheral density prior to enhancement 
represents hemosiderin-laden macrophages; enhancement is steroid 
resistant; histology demonstrates exuberant vascular granulation tissue 
| essa T 82-240 Possibly lu- = s Healed; presence or absence of lucency depends on size of initial 
cent hematoma; rapidity of resolution also dependent on initial size of 


hematoma; presence of calcification may aid in differentiation from 
remote infarct 


a a IIIma IMMM 


Stage VI is the healed phase of hematoma resorption. 
We observed this stage at 82-240 days. A smaller hema- 
toma may reach this stage of healing much earlier. 
Whether a lucency can be seen at all probably depends 
on the size of the initial hematoma. The residual lucency 
in small hematoma may be below the resolving power of 
present CT instruments. No enhancement occurs with 
contrast infusion, and ipsilateral brain atrophy usually is 
present. This stage cannot be differentiated from a 
remote infarction unless their is calcification (fig. 7). 

We found a ring of contrast enhancement in each of 18 
patients with resolving intracerebral hematoma scanned 
10-21 days after onset of symptoms. Two patients re- 
quired a repeat scan to demonstrate the ring, and two 
additional patients were studied on two occasions before 
a ring appeared. These 18 patients required a total of 24 
scans to demonstrate 18 definite rings. 


Discussion 


Our findings in this limited clinical series suggest that 
contrast enhancement is common in resolving intrace- 


rebral hematoma. The previous impression that this 
phenomenon was uncommon [8, 10] could be due to 
several reasons: failure to perform contrast infusion, 
failure to obtain follow-up infusion scans after the acute 
stage, and prompt surgical intervention in the acute 
stage without follow-up infusion studies. We propose 
that there are two separate and distinct mechanisms for 
this phenomenon. Early enhancement is modified by 
steroids and is due to breakdown of the blood-brain 
barrier; later enhancement is secondary to vascular 
granulation tissue. 

Heavy metal complexes, a component of the break- 
down products of blood, are potent oxidizing agents and 
will incite free radical peroxidation of the membrane lip- 
ids [11]. The high lipid content of the central nervous 
system results in extreme susceptibility to free radical 
peroxidation in key membrane lipids, allowing a break- 
down in the blood-brain barrier. Steroids seem to affect 
the permeability of brain tissue cellular membranes by 
affording a protective effect on the blood-brain barrier. 
The protective effect is believed by Demopoulos et al. 


RING SIGN IN RESOLVING INTRACEREBRAL HEMATOMA 


D 21 
! STEROID- 


STAGE II 


! 
STEROID 
STAGE III 





Fig. 1.— Patient studied at biweekly intervals through isodense stage 
Ill. Infusion study (E) postictus day 0 demonstrates well marginated 
hematoma. On day 3, early peripheral enhancement after contrast infu- 
sion (E) (arrow). Well formed ring of enhancement first noted on day 16 
with decrease in hematoma size and indistinct margins. Infusion studies 
on days 18 and 21 (on steroid) demonstrate degree of modification of 
ring of enhancement, which returned to presteroid appearance on day 
23. Day 63, isodense stage lll with enhancement following contrast 
infusion. Day 65, 48 hr after steroid, demonstrates decrease in size of 
enhanced area, which on day 68 is returning to presteroid appearance. 


[11] to be related to intercalation of steroids into the 
archways created by the fatty acid tails of membrane 
phospholipids. Intercalation not only decreases the rate 
of free radical formation, but may repair membrane dam- 
age. This has been demonstrated clinically by the effect 
of dexamethasone on the accumulation of iodinated 
contrast materials and technetium pertechnetate in brain 
tumors on both CT and radionuclide brain scans [12-14]. 
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Fig. 2.—Histologic section through region of early enhancement on 


postictus day 3 demonstrating compressed brain around hematoma. 
Note absence of neoangiogenesis. 





STAGE ITT 


Fig. 3.—Pre- and postinfusion scan, postictus day 7, after automobile 
accident, demonstrating left parietal hematoma without enhancement. 
Noninfusion study on day 18 shows crescent-shaped lucency capping 
medial aspect of isodense hematoma (arrow). After contrast infusion (E), 
ring of enhancement is located within lucency with thin rim of edema 
peripheral to ring of enhancement. 


The disordered oxidative and glycolytic metabolic 
pathways present in brain tumors result in leakage of 
electrons from tumor mitochondria, resulting in accu- 
mulation of abnormal free radicals [11, 15. 16]. In this 
situation, where peroxidation is occurring at a slow rate, 
steroid forms tight hydrophobic associations with the 
phospholipid fatty acids, affording "protection" to free 
radical peroxidation and blood-brain barrier breakdown 
[17]. 

Accelerated free radical peroxidation occurs in trauma 
or in the presence of large quantities of heme and metal 
complexes, as in spontaneous or traumatic intracerebral 
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Fig. 4.—Infusion study of 53-year-old female on day of automobile 
accident showing bilateral parietal hematomas. Enhancement study 
on day 62 demonstrates bilateral lucent hematomas surrounded by rings 
of enhancement. Two contiguous center scans performed 48 hr after 
steroid administration demonstrate degree of modification of peripheral 
enhancement, which returned to presteroid appearance on day 68 after 
discontinuing steroid. 


hematomas [11]. The mechanism of steroid intercalation 
with the cell membrane is the same; however, the rate of 
free radical damage is much greater. This accelerated 
rate of free radical damage helps explain the reasons 
steroids failed to completely nullify the peripheral ring of 
enhancement in the steroid-responsive stages (Il-IV) of 
hematoma resolution. 

Pathologically, gliosis and early vascular proliferation 
are seen in resolving hematomas at 2 weeks, but a well 
formed capsule of vascular granulation tissue is not seen 
until 4 weeks [18]. Stage V (peripheral enhancement 
without steroid modification) corresponds chronologi- 
cally to the histologic presence of a well formed capsule 
of vascular granulation tissue. To our knowledge, *?"Tc- 
labeled red blood cell pool scans on the Mark IV emis- 
sion tomographic system have not yet been performed in 
this stage of hematoma resorption. If increased vascular- 
ity were seen in such a study, it would confirm that a 
different mechanism is responsible for the ring of en- 
hancement in stage V than present in stage Il. 

Overabundant cerebral blood flow relative to the met- 
abolic needs of an area of the brain is a response to 
metabolic acidosis and has been termed the luxury 
perfusion syndrome by Lassen [19]. Local increased 
blood flow was not present in a 2-week-old hematoma 
demonstrating a ring of enhancement on CT reported by 
Kuhl et al. [9]. Luxury perfusion is a vascular reactive 
phenomenon and, therefore, steroids would not be ex- 
pected to have an effect unless there was coexistent 
blood-brain barrier breakdown. Peripheral luxury perfu- 





STEROID 





STAGE X. 


Fig. 5.— Postinfusion (E) scan on postictus day 0 of basal ganglia 
hemorrhage. Pre- and postinfusion scans on day 64 demonstrate lucent 
hematoma with peripheral enhancement. Note slight increased density 
at periphery of lucent hematoma on noninfused study on day 64, 
probably due to hemosiderin-laden macrophages. Postinfusion scan on 
day 66, 48 hr after steroid administration, demonstrates no modification 
of ring of enhancement. 
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Fig. 6.— Histologic examination during stage V showing thick capsule 
of vascular granulation tissue between brain and resolving hematoma. 
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Fig. 7. — Pre- and postinfusion scan 21 days after trauma demonstrat- 
ing resolving hematoma with well formed peripheral ring of enhance- 
ment. Two contiguous slices 1.3 cm thick after contrast infusion (E) on 
same patient 240 days after trauma show slitlike lucency, calcification 
(+200 EMI units), and no enhancement. 


sion has been demonstrated angiographically in some 
intracerebral hematomas [20, 21]. What part this plays in 
the scheme of contrast enhancement on CT remains to 
be elucidated. 

Our findings and those of Dolinskas et al. [22, 23] 
correlate well. The decrease in hematoma density with- 
out decreasing volumetric effect, the time course of 
decreasing hematoma density, and the presence of re- 
sidual calcification in the hematoma site were noted in 
their study and ours. There is excellent correlation be- 
tween the time of appearance of the peripheral ring of 
enhancement on CT in our study with the time of appear- 
ance of positive uptake on radionuclide brain scans (7- 
14 days) in theirs. This correlation supports the concept 
that blood-brain barrier breakdown is responsible for 
enhancement in stage Il of hematoma resolution. Over- 
lap between these mechanisms obviously occurs; how- 
ever, further studies are needed to differentiate the 
contribution of each mechanism to the peripheral ring of 
enhancement in the different stages of hematoma re- 
sorption. 
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Sialography of Salivary Gland Tumors with Fluoroscopy and Tomography 


DAVID C. KUSHNER' AND ALFRED L. WEBER' 


Sialography with fluoroscopy and tomography has in- 
creased the accuracy of detecting and delineating mass 
lesions of the parotid gland. Lesions which are small, at the 
periphery of the gland, or in the deep lobe are often most 
clearly visualized on tomographic sections. Often differentia- 
tion of benign from malignant tumors is not possible. 


Radiographic sialography has become an important di- 
agnostic procedure in the evaluation of salivary calculi, 
sialectasis, strictures, fistulae, and tumors. Since the 
earliest reports, varied descriptions of general sialo- 
graphic techniques have appeared, both complex and 
simplified [1-4]. However, as with any radiographic tech- 
nique, the protocol must be modified to answer a spe- 
cific clinical question in addition to providing general 
information concerning the anatomic area of the ducts 
and salivary glands. In our experience, evaluation of 
salivary gland tumors is particularly difficult and requires 
precise, well planned radiography, including the availa- 
bility of fluoroscopy and tomography. We describe the 
sialographic technique used at the Massachusetts Eye 
and Ear Infirmary for evaluation of salivary gland tumors 
and report a series of 11 patients in whom fluoroscopy 
and tomography proved helfpul. 


Technique 


Preliminary films are obtained to evaluate possible 
bony erosion of the mandible, calcifications, mass dens- 
ities (particularly when parapharyngeal in location), and 
radiopaque calculi. Routine views of the parotid gland 
include base, lateral mandible, oblique mandible, and 
anteroposterior ‘puffed cheek" views. When the sub- 
mandibular gland is studied, an occlusal view is substi- 
tuted for the anteroposterior puffed cheek view. Films 
are taken with a slightly lower kilovoltage than routine 
mandibular views to allow better visualization of the 
paramandibular soft tissues. After the preliminary films 
have been reviewed, the duct orifice is directly visual- 
ized. The parotid orifice is adjacent to the upper second 
molar tooth, and the submandibular orifice is adjacent 
to the frenulum of the tongue on a small papilla on the 
floor of the mouth. Palpation of the gland or allowing the 
patient to suck a lemon is often necessary to identify the 
point of salivary efflux. 

The orifice is then gently dilated with a standard 
blunted, double-ended dilator with special care to pre- 
serve the comfort of the patient and avoid mechanical 
rupture of the duct. The orifice is cannulated with a 





Fig. 1.—A, View of left parotid gland revealing no definite abnormality. Main duct and intraparenchymal branches have nor- 
mal distribution. B, Tomogram during parenchymal phase showing oval-shaped defect in posterior inferior portion of gland. 
Note sharp interface between parenchyma and tumor. At surgery, Warthin's tumor was found. 
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sterile, blunt-tipped, single side port, stainless steel 
cannula [5]. The cannula, extension tubing, and attached 
syringe are always carefully prefilled with contrast mate- 
rial by the examining physician to exclude air bubbles 
which may be mistaken for calculi during the filling of 
the ducts. A piece of sterile gauze is placed between the 
cannulated orifice and the tongue. The patient is re- 
quested to stabilize the tubing with gentle pressure of 
the tongue laterally, holding mouth and lips in a closed 
position around the tubing which is taped to the skin out 
of the radiographic field. For contrast material we use 
Ethiodol or Renografin-60 or -76. Ethiodol provides 
greater density of the ducts and parenchyma. The par- 
enchogram is particularly important when tomography is 
considered. If extravasation is likely to occur, such as in 
large ductal stones, strictures, and traumatic cannula- 


Fig. 2.—A, Lateral film of parotid gland without definite 
abnormality. B, Anteroposterior view also reveals no defi- 
nite lesion. C, Lateral tomographic section of opacified 
parenchyma of parotid gland revealing slightly irregular 
filling defect, in superior portion. Histologic examination 
revealed Warthin's tumor (adenolymphoma). 


tion, water soluble contrast material such as Renografin 
is the preferred contrast agent. Also, since Ethiodol 
remains in tissues and cavities for many months and may 
lead to granuloma formation, cases in which cavitation 
is suspected within glands should be performed with a 
water soluble agent. 

When the patient is comfortable, the contrast media is 
gently injected under direct fluoroscopic control. Multi- 
ple sequential fluoroscopic spot films are obtained using 
a small focal spot in varied oblique, lateral, and basal 
projections during the ductal filling and parenchymal 
filling phases of the injection. If an obstruction, stricture, 
sialectasis, fistula, or extravasation is observed fluoro- 
scopically, the injection is terminated without parenchy- 
mal filling. If a mass lesion is suspected and the ductal 
system is normal, the injection is continued until a 
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Fig. 3.—A, Oblique view of parotid gland showing no definite filling defect. B, Parenchogram also revealing no definite abnormality. C, Lateral 
tomographic section showing irregularly shaped filling defect in deep portion of left parotid gland. Defect proved to be adenocarcinoma arising in a 


pleomorphic adenoma. 


“parenchymal blush” is identified. Care is taken to avoid 
excessive extravasation of contrast media into the par- 
enchyma. Thereafter, several lateral tomographic sec- 
tions are obtained at 2 mm intervals through the paren- 
chyma. 

Subsequently, repeat standard views are obtained in 
the lateral, oblique, and basal projections. If ductal 
obstruction or sialectasis is suspected, delayed films are 
added at 30 min to evaluate the efficiency of emptying. 


Case Material and Findings 


Eleven patients with salivary gland masses were eval- 
uated (eight females and three males). Age range was 
15-75 years (mean, 50 years). All masses involved the 
parotid gland. Of the 11 patients, 10 underwent partial or 
total parotidectomies with pathologic study. One patient 
experienced spontaneous resolution of the parotid mass 
which was presumably inflammatory. 

Of the 11 patients, two males and seven females were 
found to have benign disease. Eight patients had histo- 
ries of unilateral painless swelling in the parotid area for 
periods ranging from 1 month to 8 years. Physical 
examination revealed a firm, smooth, nontender, often 
fluctuant mass in the parotid region. Of these eight 
patients, four were found to have papillary cystadenoma 
lymphomatosum (Warthin's tumors), three had pleo- 
morphic adenomas (mixed tumor), and one sponta- 
neously resolved. One patient with benign disease expe- 
rienced 5 months of fullness in the throat and nasal 
blockage. There was no parotid swelling or pain. Evalu- 
ation revealed a deep parotid pleomorphic adenoma 


extending medially and manifesting as a parapharyngeal 
mass causing bone destruction. 

Two of the 11 patients had malignancies. One patient 
had trismus, pain, weight loss, and parotid and tonsillar 
swelling for 3 months. This patient was found to have an 
adenocarcinoma arising within a pleomorphic adenoma. 
Another experienced parotid swelling and pain for 2 
years, with facial paralysis for 6 months. Subsequently, 
the patient was found to have an adenoid cystic carci- 
noma arising within the deep portion of the parotid 
gland. 

Three cases are illustrated to demonstrate the advan- 
tage of tomography in detecting and delineating sus- 
pected mass lesions of the parotid gland (figs. 1-3). 


Discussion 


The technical protocol described relies on fluoroscopy 
and tomography. Each examination is tailored to the 
specific clinical problem in question. 

The importance of fluoroscopic sialography has been 
emphasized by Yune and Klatte [6]. Use of a small focal 
spot allows filming of appropriate detail in optimal radi- 
ographic position, with ducts and parenchyma free of 
superimposed bone. Sequential filling films allow evalu- 
ation of the duct system, including the small intraparen- 
chymal branches, before the ducts are obscured by the 
parenchymal blush. The ducts are evaluated with spe- 
cific reference to displacement from each other and the 
mandible, obstruction, and invasion by tumor. If a ductal 
abnormality is noted (e.g., stone, fistula, sialectasis), the 
examiner may elect to avoid the parenchymal filling 
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phase. However, most salivary tumors will require opti- 
mal parenchymal opacification to delineate the contour 
of the mass. Granone and Juliani [7] described the use 
of tomography with pneumoradiography for the evalua- 
tion of salivary gland lesions. The addition of tomogra- 
phy has greatly increased our confidence in the demon- 
stration of tumors which are small, at the periphery of 
the gland, or in the deep lobe of the parotid. In these 
cases, the classical signs of tumor can be subtle, making 
demonstration difficult on conventional studies, includ- 
ing fluoroscopic spot films [8, 9]. Occasionally, the 
ductal system is neither apparently invaded nor dis- 
placed, and subtle parenchymal nodules can be con- 
fused with normal glandular lobulation. In these cases, 
tomography may reveal an interface between definite 
tumor radiolucency and normal parenchymal density. 
There is some controversy in the literature regarding 
the sialographic criteria for malignancy. Occasionally, a 
sialogram will reveal a large irregular mass with poorly 
defined margins, displacement and invasion of the 
ducts, and pooling of contrast material (fig. 3C). In the 
context of a patient with a palpable hard mass, pain, 
rapid growth, and facial nerve paralysis, a malignant 
tumor should be suspected [10]. However, the more 
usual finding is a nonspecific filling defect in the salivary 
parenchymagram which allows no conclusion as to spe- 
cific histologic diagnosis. The results of our preliminary 
study reveal that, while tomography is of considerable 


value in identifying and locating a mass, it often is of no 
assistance in differentiating between malignant and be- 
nign tumors. 
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Acute Chondrolysis Complicating Slipped Capital Femoral Epiphysis 


AMY BETH GOLDMAN,' ROBERT SCHNEIDER,' AND WILLIAM MARTEL? 


Radiographs of 20 patients with acute chondrolysis compli- 
cating a slipped capital femoral epiphysis were reviewed with 
emphasis on the radiographic features and differential diag- 
nosis. There was bilateral disease in five instances; radio- 
graphic follow-up ranged from 6 months to 5 years. The onset 
of chondrolysis occurred after surgery in 18 of the 25 abnormal 
hips. 

Acute necrosis of the articular cartilage is characterized 
radiographically by (1) persistent juxtaarticular osteoporosis; 
(2) progressive narrowing of all or a portion of the cartilage 
space; and (3) erosion of the subchondral cortices of the 
femoral head and acetabulum. The radiographic differential 
diagnosis varies with the stage of disease. The initial osteo- 
porosis is indistinguishable from disuse. The rapid loss of the 
joint space, accompanied by destruction of the central por- 
tions of the subchondral bone, makes differentiation from 
postoperative infection a common problem. Late changes 
may resemble either degenerative joint disease or a chronic 
inflammatory arthritis. The accurate diagnosis of acute chon- 
drolysis depends on correlation of the clinical history and 
radiographic findings. 


An exacerbation of pain and/or limitation of motion 
following a slipped capital femoral epiphysis may be the 
result of a transient reactive synovitis, avascular necro- 
sis, postoperative infection, or acute cartilage necrosis. 
The early diagnosis of acute cartilage necrosis (chondro- 
lysis) depends on the recognition of the spectrum of 
radiographic findings produced by this entity. 

The association of chondrolysis with slipped capital 
femoral epiphyses was first recognized in 1930 by Wal- 
denstrom [1]. The histologic description, reported in 
1948 by Ponseti and Barta [2], indicated that the pathol- 
ogy was essentially that of an end-stage arthritis. How- 
ever, subsequent publications [3-5] emphasized that 
cartilage necrosis may coexist with osseous necrosis 
and ascribed both processes to compromise of the 
vascular supply. Later clinical and pathologic studies [6- 
8] again established chondrolysis as a primary articular 
abnormality distinct from avascular necrosis. 


Subjects and Methods 


Articular abnormalities following a recent slipped capital 
femoral epiphysis were evaluated in 20 adolescent patients 
referred to the Hospital for Special Surgery, New York, and 
University Hospital, University of Michigan. The series consisted 
of six black, two Hispanic, and 12 Caucasian patients aged 11- 
18 years; there were eight females and 12 males. 

The radiographs were reviewed independently by two radiol- 
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ogists for the presence of: (1) juxtaarticular osteoporosis; (2) 
joint space narrowing (superior, medial, concentric); (3) ero- 
sions of the articular cortices; (4) coexisting avascular necrosis; 
and (5) other osseous changes often associated with arthritic 
disease (e.g., subchondral cysts, eccentric erosions at the 
capsular insertion, osteophytes, protrusio deformities). Only 
joints which demonstrated osteoporosis, acute loss of the 
cartilage space, and subchondral erosions, and in which infec- 
tion was excluded by laboratory studies and clinical follow-up, 
were included as having acute chondrolysis. Cases with narrow- 
ing of both the superior and medial aspects of the joint space 
were classified as “concentric,” even if the extent of narrowing 
was unequal. The classification of joint space narrowing was 
based on that of Resnick [9]. Subclassification related to the 
superior aspect of the hip joint was not possible because of the 
deformity of the femoral head and neck resulting from the 
epiphyseal displacement. The presence of acetabular protru- 
Sion was determined according to the measurement of Hubbard 
[10]. 

The clinical records were reviewed for (1) patient age at the 
time of epiphyseal separation; (2) interval of symptoms prior to 
the diagnosis of epiphyseal separation; (3) degree of epiphyseal 
separation; (4) treatment of the slipped capital femoral epi- 
physis; (5) interval between diagnosis of epiphyseal separation 
and diagnosis of chondrolysis; and (6) clinical presentation of 
chondrolysis. The incidence of acute cartilage necrosis compli- 
cating slipped capital femoral epiphyses was not evaluated 
since nine of the 20 patients were initially treated elsewhere and 
were referred specifically for evaluation of chondrolysis. 


Results 


Mean ages of the eight females and 12 males at the 
time of epiphyseal separation were 12 and 14.1 years, 
respectively. In five patients, the slipped capital femoral 
epiphyses and chondrolysis were bilateral, for a total of 
25 abnormal joints. The interval between onset of hip 
pain and the diagnosis of slipped epiphysis ranged from 
2 days to 3 years. The epiphyseal separation was mild in 
17 cases, measuring less than one-third of the metaphy- 
seal width [11]. It was moderate in five cases (one-third 
to one-half the metaphyseal width) and severe in three 
instances (over one-half the metaphyseal width) [11]. 
The 68% incidence of mild epiphyseal displacement in 
our patients with chondrolysis agrees with the 66% 
incidence reported in studies of uncomplicated epiphy- 
seal separations [4]. 

In 18 hips, the chondrolysis occurred following surgi- 
cal intervention for the epiphyseal separation (fixation in 
situ, 11 hips; osteotomy, four hips; both, three hips). 
However, it also occurred in five untreated cases and in 
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Fig. 1.— 16-year-old black male with left hip pain for 5 months. A, Radiograph of hip revealing slipped capital femoral epiphysis. B, Study 2 months 
after transcervical osteotomy and fixation with Knowles pins demonstrating juxtaarticular osteoporosis, concentric narrowing of joint space, and diffuse 
patchy erosive changes in both articular cortices. C, Study 7 months after surgery showing progressive narrowing of joint space and more extensive 


irregularity of subchondral bone. 





Fig. 2. — 12-year-old white female with right slipped capital epiphysis treated in plaster for 3 months. A, Radiograph of hips 3 months after resumption 
of weight bearing demonstrating bilateral epiphyseal separations. Left hip was not treated. B, Pelvic film obtained because of persistent right hip pain 
9 months after resumption of weight bearing. Note bilateral juxtaarticular osteoporosis, bilateral concentric joint space narrowing, diffuse erosions of 
articular cortices, and protrusio deformities (more severe on asymptomatic left side). 


two hips treated by non-weight bearing alone. The mean 
interval between diagnosis of the slipped capital femoral 
epiphysis and diagnosis of chondrolysis was 5 months; 
in four cases, both presented simultaneously. The clini- 
cal presentation was extremely variable. The most com- 
mon chief complaints were pain (17 hips) and stiffness 
(10 hips). In all cases, radiographic abnormalities were 
present at the time of clinical presentation; in three 
cases radiographic changes preceded the clinical com- 
plaints. 

The direction of the joint space narrowing and the 
distribution of the subchondral erosions followed three 


patterns. Eight hips (32%) had concentric narrowing and 
generalized erosions of the central portion of both artic- 
ular cortices (figs. 1 and 2). Three hips with this pattern 
had associated protrusio deformities (figs. 2 and 3). In 
four cases (1696), the narrowing was concentric but the 
erosive changes were limited to the femoral head, partic- 
ularly the articular cortex adjacent to the fovea (fig. 3). In 
the largest group (12 hips, 4896), cartilage narrowing 
was restricted to the superior aspect of the joint, and 
patchy cortical erosions were limited to the superior 
articular cortex of the femoral head and the lateral 
articular cortex of the acetabulum (figs. 4 and 5). In- 
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Fig. 3. — 15-year-old obese white male with right hip pain for 1 month. A, Radiograph of hip showing slipped capital femoral epiphysis. B, Tomogram 
9 months after stabilization with percutaneous Knowles pins when patient complained of "stiffness" in hip. Note concentric narrowing of joint space 
and erosion of articular cortex of femoral head adjacent to fovea. C, Arthrotomogram showing contrast material extending into large erosion and loss 
of articular cartilage which normally covers medial femoral head. 


cluded in the 12 hips with preferential involvement of the 
superior, or weight-bearing, portion of the joint were 
four of the five cases with coexisting avascular necrosis 
(fig. 5), and five of the seven patients who had osteoto- 
mies (fig. 4). Only one patient had narrowing limited to 
the medial cartilage space. Small subchondral cysts 
were noted in three cases. In no instance were soft tissue 
abnormalities, periosteal new bone formation, or eccen- 
tric erosions seen. 

One patient underwent a cup arthroplasty 10 months 
after the diagnosis of an epiphyseal separation and 3 
months after radiographic evidence of an articular ab- 
normality. Histologic sections of the synovium demon- 
strated areas of proliferative changes and partial replace- 
ment of the functioning synovium with fibrous tissue and 
chronic inflammatory cells (fig. 5C). 

Radiographs were obtained during clinical follow-up 
examinations in 21 cases at 6 months to 5 years. After 
the initial rapid loss of the joint space, eight hips stabi- 
lized and demonstrated only reconstitution of the sub- 
chondral bone. Seven hips revealed a gradual progres- 
sive type of joint space narrowing, while six hips had a 
spontaneous increase in the width of the joint space (fig. 
4). Regardless of the changes in the cartilage space, 
there was also formation of osteophytes and the appear- 
ance of subchondral sclerosis and cysts. 


Discussion 


The three major complications of slipped capital fem- 
oral epiphyses are acute cartilage necrosis, osseous 
necrosis of the femoral head, and late osteoarthritis [8, 
12, 13]. In a series of 300 cases of epiphyseal separations 
reviewed by Wilson et al. [12], chondrolysis was reported 
to be both the most serious and most frequent compli- 
cation. 


The reported incidence of chondrolysis following a 
slipped capital femoral epiphysis varies from 196 [14] to 
40% [15], depending primarily on the racial composition 
of the patient population [6, 8, 12-14, 16-18]. The highest 
incidences have been observed in black, Hawaiian, and 
Hispanic patients [6, 13, 14, 18]. The incidence of 
chondrolysis in females in this and other series is rela- 
tively high [8, 16-18] compared to the male predomi- 
nance reported in studies of uncomplicated epiphyseal 
separation. Whether the severity of the epiphyseal sepa- 
ration is associated with the incidence of chondrolysis is 
a matter of dispute [8, 13, 14, 16-18]. The high percent- 
age of mild epiphyseal separations in our patients (68%) 
supports the view that there is no correlation between 
the extent of epiphyseal separation and secondary artic- 
ular changes [13, 17]. The age of the patient [16], 
acuteness of epiphyseal separation [16], and treatment 
of the slipped epiphysis [7, 12, 13, 16, 17, 19] do not 
seem to affect the incidence of chondrolysis. An in- 
creased incidence of complications has been observed 
in patients treated by long term immobilization [7, 13, 17, 
18, 20] or by surgical procedures other than in situ 
fixations [8, 12, 21]. However, the increase was primarily 
in avascular necrosis, not chondrolysis [7, 15]. In five of 
our cases and in 7926-2596 [17, 18] of reported cases, 
avascular necrosis coexisted with chondrolysis. 

The etiology of acute cartilage necrosis complicating 
a slipped capital femoral epiphysis remains unknown, 
and it is uncertain whether the primary abnormality is 
synovial or cartilaginous. Recent histo- and biochemical 
studies [8, 16] suggest that chondrolysis is the result of 
an autoimmune synovitis occurring in genetically sus- 
ceptible individuals. The strong racial predilection sup- 
ports the presence of a congenital defect [8, 11, 16, 22]. 
Other factors implicated in the pathogenesis of chondro- 
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lysis include autolysis of the articular cartilages by their 
own degradation products [16, 20], starvation of the 
articular cartilages due to a decrease in the amount of 
synovial fluid [8, 13], and biochemical abnormalities 
originating in the cartilaginous growth plate [17]. While 
prolonged immobilization and poor surgical technique 
are probably not primary causes of chondrolysis, in 
individual cases they may precipitate or exacerbate car- 
tilage necrosis [16, 18, 19, 23, 24]. 


Fig. 4.— 13-year-old obese white male 
with right hip pain for 4 months. A, Radio- 
graph showing slipped capital femoral epi- 
physis. B, Film 3 months after in situ fixa- 
tion and subtrochanteric osteotomy show- 
ing juxtaarticular osteoporosis, fusion of 
proximal femoral epiphysis, narrowing of 
superior aspect of joint space, and erosion 
of lateral articular cortex of acetabulum. 
Patient was begun on weight bearing. C, 
Film 5 months after surgery when patient 
complained of "stiffness." Note progres- 
sion of joint space narrowing, extension of 
cortical erosions, and healing of osteotomy. 
Patient was treated conservatively with 
range of motion exercises. D, Study 5 years 
later demonstrating partial restitution of 
width of superior joint space, osteophyte 
formation, and subchondral sclerosis. 


The pathology of chondrolysis is that of a nonspecific 
inflammatory arthritis which varies with the natural his- 
tory of the disease. Comparison between reports is 
difficult since surgical specimens were obtained from 6 
weeks [13] to 3 years [17] after the onset of symptoms. 
Microscopic examination of the cartilage erosions dem- 
onstrate death of chondrocytes, complete loss of the 
surface layer, disordered endochondral ossification, var- 
iable degrees of involvement of the deep layer, and 
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Fig. 5.—14'/2-year-old white female with right slipped capital femoral epiphysis. A, Film after stabilization with Knowles pins demonstrating tip of 
superior pin extending beyond articular cortex of femur. B, Film 6 months after surgery because of persistent gradually increasing pain. Note avascular 
necrosis of femoral head accompanying chondrolysis with loss of superior aspect of joint space. Rapidity of joint space narrowing, erosive changes of 
articular cortex of acetabulum, and absence of osteophytes differentiate chondrolysis from secondary degenerative joint disease. Cup arthroplasty was 
performed 10 months after epiphysial separation. C, Histologic study of surgical specimen showing fibrous tissue with moderate proliferative changes 


in few areas of remaining identifiable synovium. 


replacement of the destroyed hyalin cartilage by fibro- 
cartilage [B, 13, 17, 19]. The synovium first undergoes 
proliferative changes accompanied by hypervascularity 
(fig. 5C) [8, 17]. It is then replaced by fibrous tissue and 
a chronic inflammatory infiltrate [8, 17]. 

The clinical diagnosis of chondrolysis is usually estab- 
lished within a year of the epiphyseal separation [8, 13, 
16-18, 21], and occasionally is recognized at the same 
time as the slipped epiphysis [16]. Very rarely, it has 
been reported in the contralateral hip [7, 20]. Classically, 
the patient presents with aching pain [8, 13, 17, 18], an 
early flexion contracture, and limitation of motion [8, 14, 
17, 20]. The routine laboratory values, including eryth- 
rocyte sedimentation rate, are normal [8, 16]. History and 
physical findings are usually nonspecific. First, the 
slipped epiphysis itself, with or without surgical stabili- 
zation, may result in synovitis, pain, and stiffness [25]; 
second, the character and acuteness of the pain pro- 
duced by chondrolysis is extremely variable [8, 13, 17, 
18); and third, other complications are associated with 
similar complaints. Therefore, radiographic evidence is 
necessary to confirm the presence of a complication and 
to establish the specific diagnosis. In previously reported 
clinical series, there has been disagreement concerning 
the temporal order of radiographic versus physical find- 
ings [16, 17]. In all of our cases, radiographic abnormal- 
ities were evident either at the same time or before 
evidence of restricted joint motion. 

The radiographic diagnosis of chondrolysis complicat- 
ing slipped capital femoral epiphyses is based on three 
specific findings. First, there is persistent juxtaarticular 
osteoporosis [8, 13, 16, 21), probably related to in- 
creased synovial blood flow associated with inflamma- 
tion. The few pathologic specimens obtained from early 
cases of chondrolysis document the presence of hyper- 
vascularization [8, 17], and radiographic studies reveal 


premature fusion of the adjacent epiphyseal plates (tri- 
radiate, proximal, femoral, and greater trochanteric) 
which also indicates an abnormal increase in blood flow 
[26]. Second, there is a rapid loss of cartilage space [8, 
13, 16, 17, 18, 21] which can best be detected by 
comparison with the opposite hip or with films obtained 
at the time of epiphyseal separation. The narrowing is 
most frequently concentric (48%) (figs. 1-3) or isolated 
to the superior aspect of the joint space (48%) (figs. 4 
and 5). Selective involvement of the superior or weight- 
bearing portion of the joint occurred in four of the five 
cases with coexisting avascular necrosis (fig. 5) and in 
five of the seven cases treated by osteotomies (fig. 4). 

The latter processes may be responsible for a redistri- 
bution of the mechanical forces across the joint, and for 
the asymmetric distribution of joint space narrowing 
which followed cartilage necrosis. Third, there is erosion 
of a portion of the articular cortices [8, 13, 21] (figs. 1—5) 
which seems to occur at the site of cartilage destruction. 
If the narrowing is concentric, erosions are either gen- 
eralized (32%) or limited to the articular cortex adjacent 
to the fovea (16%). If the narrowing is isolated to the 
superior joint space, the erosive changes are limited to 
the superior cortices of the femoral head and acetabu- 
lum. Although irregularity of the subchondral bone has 
been described as a late radiographic finding [27], in our 
experience it was apparent even on early studies. In 
addition, acetabular protrusion (three cases) and small 
subchondral cysts (three cases) can be observed. 

In a series of patiehts with idiopathic chondrolysis, 
Moule and Golding [28] reported a dappled pattern on 
arthrography, reflecting the contrast material pooled 
within multiple cartilaginous erosions. Arthrography in 
one of our patients (fig. 3C) demonstrated contrast 
material extending into a deep erosion and loss of the 
articular cartilage which normally covers the medial 
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aspect of the femoral head. The latter findings correlate 
with the described pathology. Contrast studies may be 
useful in confirming the presence of acute cartilage 
necrosis prior to severe loss of the joint space. Hip 
aspiration could be helpful in eliminating the possibility 
of infection. 

The course of chondrolysis consists of a short interval 
of rapid destruction followed by a long interval of grad- 
ual stabilization. Over a period of months to years, there 
is restitution of the subchondral bone, osteophyte forma- 
tion, and the appearance of subchondral sclerosis (figs. 
4 and 5). In six of our cases, there was a spontaneous 
increase in the width of the cartilage space [17, 18, 19], 
but in the majority of hips the course is that of progres- 
sive degenerative joint disease [17, 18]. 

The radiographic differential diagnosis of chondrolysis 
depends on the stage of the disease. Severe disuse 
osteoporosis may occur in uncomplicated slipped epi- 
physes as the result of a reactive villous synovitis. This 
entity may temporarily mimic the earliest changes of 
acute cartilage necrosis, but over a period of weeks bone 
density improves; the minimal cartilage narrowing which 
has been observed seems to be reversible [29]. The entity 
most easily confused radiographically with early chon- 
drolysis is postoperative infectious arthritis. Both pro- 
duce osteoporosis, rapid joint space narrowing, and 
erosions of the central articular cortices. However, cor- 
relation with clinical information can establish the dis- 
tinction, since chondrolysis is not associated with sys- 
temic symptoms, elevation of the sedimentation rate, or 
changes in the white blood cell count. If any doubt 
remains, diagnosis can be confirmed by a hip aspiration. 
Chondrolysis is associated with a decrease in the amount 
of synovial fluid, and the initial tap should be negative. 
Reaspiration of injected sterile saline will demonstrate 
neither cells nor organisms. 

In the absence of patient history, the radiographic 
appearance of long-standing chondrolysis must be dif- 
ferentiated from other chronic monoarticular arthridities. 
However, a coxa vara deformity or an abnormal protu- 
berance along the lateral aspect of the femoral neck 
should suggest the presence of a previous epiphyseal 
separation and the diagnosis of chondrolysis. 
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The Trough Line: A Radiographic Sign of Posterior Shoulder Dislocation 


STEPHAN J. CISTERNINO,' LEE F. ROGERS,' BRADLEY C. STUFFLEBAM ? AND GERALD D. KRUGLIK' 


Over 50% of posterior dislocations of the shoulder are not 
recognized initially because of failure to appreciate the subtle 
clues available on the standard frontal projection. In 15 of 20 
cases of posterior dislocation, two parallel lines of cortical 
bone were identified on the medial aspect of the humeral 
head. One line represents the medial cortex of the humeral 
head. The other was found to represent the margin of a 
troughlike impaction fracture. This is designated the “trough 
line." This line proved to be an important clue in the recogni- 
tion of posterior dislocations of the shoulder. 


Introduction 


Posterior shoulder dislocation was first described in 
1839 [1] but remains a diagnostic problem. More than 
50% of cases are missed at the initial examination and 
may remain obscure for weeks or months. Continued 
pain and limitation of motion may be misinterpreted as 
"frozen shoulder" or "adhesive capsulitis" [2]. When 
discovered, the neglected case often requires surgery 
for a stable result, while simple reduction is often ade- 
quate with early detection. 

Several factors contribute to the frequent oversight of 
this injury. Posterior shoulder dislocation is uncommon. 
accounting for only 296-496 of all shoulder dislocations 
[3, 4]. Physical signs of the injury may be masked by an 
associated hematoma or highly developed musculature. 
Conventional anteroposterior radiographs often show 
subtle abnormalities which are easily overlooked unless 
they are sought specifically. Finally, the examiner may 
be distracted by associated fractures about the shoulder. 
and the underlying dislocation may go undetected. 

The injury results when the humeral head is forced 
posteriorly in internal rotation. The anterior aspect of the 
humeral head is driven against the posterior glenoid rim. 
If this occurs with sufficient force, the humeral head will 
sustain a compression fracture at the site of impact. 
Avulsion fractures of the lesser tuberosity, posterior 
glenoid rim, or other components of the shoulder girdle 
frequently accompany the injury. 

Convulsive seizures are the most common cause of 
posterior shoulder dislocation [5-7]. Bilateral disloca- 
tions nearly always result from seizures and occasionally 
represent the initial presentation of patients with a sei- 
zure disorder [8]. Overt trauma is another major cause, 
whether administered directly to the shoulder or trans- 
mitted along an extended and internally rotated arm. A 
small percentage of cases are atraumatic and occur 
spontaneously or voluntarily in patients with lax joint 
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capsules. In these individuals, the problem is usually 
recurrent [9]. 


Radiographic Features 


The routine shoulder examination usually consists 
only of anteroposterior films in internal and external 
rotation. The radiographic signs on these views which 
suggest posterior shoulder dislocation must be appreci- 
ated so that confirmatory views will be obtained. The 
radiographic diagnosis can then be made with certainty 
on the additional axillary or scapular "Y" projections [10] 
which clearly demonstrate the abnormal posterior rela- 
tionship of the humeral head to the glenoid fossa. 

Previously described radiographic signs of posterior 
shoulder dislocation on the anteroposterior projection 
include the following: 

1. The posteriorly dislocated humeral head is fixed in 
internal rotation. If the patient is able to externally rotate 
the humerus, a traumatic posterior shoulder dislocation 
may be excluded. 

2. The humeral head is displaced laterally by the 
posterior glenoid rim and therefore the shoulder joint 
may appear widened in frontal views. Arndt and Sears 
[11] measured the distance from the medial border of the 
humeral head to the anterior glenoid rim in 100 normal 
shoulders and found a range from a negative value up to 
6 mm. A wider joint space was designated the “rim sign" 
(fig. 1) and was present in 31 of 48 published radiographs 
of posterior shoulder dislocation. The rim sign may also 
result from lymphedema of the extremity or hemarthrosis 
without dislocation (fig. 2). Posterior oblique positioning 
or impaction fracture of the humeral head will both 
cause the humeral head to be projected more medially 
and may yield a false negative rim sign. 

3. A tangential view of the glenoid, with superimposi- 
tion of the anterior and posterior rims, normally demon- 
strates no overlap of the humeral head and glenoid rims. 
In posterior shoulder dislocation with impaction fracture. 
the humeral head is displaced medially and abnormal 
overlap may occur [12]. 

4. Absence of normal "half moon" overlap of the 
humeral head and glenoid [13] and Velpeau (high) or 
reverse Velpeau (low) positioning of the humeral head 
relative to the glenoid are less reliable signs. Either may 
be present in normal shoulders or absent in posterior 
dislocation, depending on patient positioning. 
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Fig. 1.— Positive rim sign. Joint space measured 7 
mm. Humerus is held in internal rotation. Trough line 
is present (arrows). 





5. In many patients with posterior shoulder dislocation, 
two parallel lines of cortical bone may be identified on 
the superomedial aspect of the humeral head [4, 14] (fig. 
3). One line represents the articular cortex of the humeral 
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Fig. 2. — False positive rim sign. Note marked widen- 
ing of joint space with no overlap of humeral head and 
glenoid. This patient developed massive lymphedema 
of upper extremity following mastectomy. 


Fig. 3.—Trough line. Humeral 
head impaction fracture, viewed tan- 
gentially, is seen as line of cortex 
running parallel to medial border of 
humeral head (arrows). Rim sign is 
negative in A; joint space measures 
3mm. 


head while the other denotes the margin of a troughlike 
impaction fracture. This important clue, designated the 
"trough line," may be the only specific indication of 
posterior shoulder dislocation on frontal radiographs. 





TROUGH LINE IN POSTERIOR SHOULDER DISLOCATION 953 


Case Material and Findings 


Our series consisted of 20 posteriorly dislocated shoul- 
ders in 17 patients, with three bilateral lesions. In the 15 
cases in which historical information could be obtained, 
males outnumbered females 13:2; ages ranged from 25 
to 75 years. Seven of the dislocations were on the left 
side and 13 on the right. Mechanisms of injury included 
convulsive seizures, motor vehicle accidents, and direct 
shoulder trauma. The available radiographs were re- 
viewed. We were impressed by the frequency and the 
diagnostic potential of the trough line, evidence of the 
associated impaction fracture of the humeral head. 

Our findings are summarized in table 1. All shoulders 
were fixed in internal rotation. Eleven shoulders (55%) 
demonstrated a rim sign. The trough line was present in 
15 (7596) cases, including seven of nine cases in which 
the rim sign was not apparent. The medial aspect of the 
humeral head was notched in six cases (3096). Other 
fractures were present in eight cases (4096). Five in- 
volved the lesser tuberosity, while associated fractures 
of the humerus (diaphysis, surgical neck, head) and 
scapula (acromion, axillary border) occurred less com- 
monly. Delay in diagnosis ranging from 2 weeks to 6 
months was documented in five cases. In two of these 
cases the delay has resulted in malpractice suits. 


TABLE 1 


Frequency of Radiographic Signs of Posterior 
Shoulder Dislocation 


Sign No. ora % 

Internal rotation ............ 20 100 
PIO ETT TT TET TT TTT 11 55 
Lack of overlap ............. 2 10 
Compression fracture: 

TOLON I SAMT 15 75 

NOU AE deo ad 6 30 
Associated fractures: 

Lesser tuberosity ......... 5 25 

Humeral head ............ 2 10 

DER iod a du asad ad wies 3 15 
Biatorality ..oocsoseese sonas 3 15 


Note.— Data on 20 dislocations in 17 patients. 





internal rotation. 





At least two radiographic signs were present in all of 
our cases. Two signs were seen in five shoulders (25%), 
while 11 (5596) demonstrated three signs. Four shoulders 
(20%) demonstrated four or more signs. A large percent- 
age (55%, 11 cases) demonstrated the combination of 
internal rotation, rim sign, and the trough line. 


Discussion 


The appearance of a normal humeral head in varying 
degrees of internal rotation is demonstrated in figure 4. 
In neutral position the greater tuberosity is seen laterally, 
in profile, and the articular surface of the humeral head 
is directed medially. A vertical line just medial to the 
greater tuberosity represents the lesser tuberosity which 
projects anteriorly and is seen en face. As the humerus 
is internally rotated, the tuberosities are thrown antero- 
medially, and the humeral head is directed posteriorly. 
At 30°-50° of internal rotation, the cortex of the lesser 
tuberosity may be seen as a fine white line running 
parallel to the inferomedial portion of the articular sur- 
face of the humeral head. Beyond 60° of internal rotation, 
the lesser tuberosity forms the medial border and may 
overlap the anterior glenoid rim. The superomedial 
quadrant of the humeral head is essentially featureless 
in all degrees of internal rotation. 

The trough line is seen when the compressed cortex 
of the humeral head impaction fracture is viewed tangen- 
tially (fig. 5). The trough line of posterior shoulder 
dislocation involves the anterior aspect of the humeral 
head. It is analogous to the Hill-Sachs lesion associated 
with anterior shoulder dislocation in which the impaction 
fracture lies posteriorly. With marked internal rotation of 
the humerus, the impaction fracture is rotated medially 
and may involve the medial border of the humeral head. 
In this situation, frontal radiographs will show the frac- 
ture in profile as a notched defect (fig. 6). 

The impaction fracture permits the humeral head to 
settle more medially and, if deep enough, can result in a 
false negative rim sign. This appearance can simulate 
the normal humerus in internal rotation. Thus careful 
search for the trough line may yield an important clue to 
the presence of posterior shoulder dislocation and 
should suggest the appropriate confirmatory view. Un- 
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Fig. 4. —Normal humeral head. Normal appearance of disarticulated humerus in neutral position (A) and with 20° (B), 40° (C), 60° (D) and 80° (E) of 
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Fig. 5.—Trough line. A, Anteroposterior projection showing impaction fracture (arrows) in profile, as vertical line. B, Axillary projection clearly 
showing troughlike impaction fracture (arrows) and posterior humeral dislocation. C, Diagram of fracture in anteroposterior and axillary projections. 





Fig. 6.—Notch defect of posterior shoulder disloca- 


tion. With marked internal rotation, impaction fracture Te. 


is projected at medial border of humeral head and is 
seen as notch defect (arrows). 


13. 


like the axillary projection, the scapular "Y" or tangential 

glenoid views do not require abduction of the arm and 14 
may be easier to obtain when the shoulder is painful and 

the patient likely to resist manipulation. 
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Congenital Pseudarthrosis of the Radius 


ROBERT H. CLEVELAND," ? VICENTE GILSANZ,' AND ROBERT H. WILKINSON’ 


Five children with six congenital pseudarthroses of the long 
bones of the forearm are described. Four cases were the 
result of neurofibromatosis, one was related to fibrous dyspla- 
sia, and one appears to be idiopathic. Whereas congenital 
pseudarthrosis of the leg primarily involves the tibia, congen- 
ital pseudarthrosis of the forearm primarily involves the ra- 
dius. Four of the children were treated with bone grafts of the 
radius, three requiring repeated grafting. The etiology, differ- 
ential diagnosis, long term prognosis, and treatment correlate 
with the data of similar lesions in the tibia. Thus the reason for 
poor fusion is probably unrelated to weight bearing but is 
rather the result of underlying bone pathology. 


Pseudarthrosis of the bones of the forearm is very rare in 
children; only 11 cases of radial or ulnar involvement 
have been reported. We present five patients with six 
pseudarthroses affecting the forearm and discuss their 
pathology, differential diagnosis, long term prognosis, 
and treatment. 


Case Reports 
Case 1 


L. M. was noted to have a pseudarthrosis of left radius at 
birth (fig. 1A). A diagnosis of fibrous dysplasia was made 
because of a positive family history and the histologic appear- 
ance of a surgical specimen. The radius was grafted twice, the 
second time utilizing an intramedullary rod. This led to solid 
union which was still intact when she was last seen 6 years later 
(fig. 1B). 


Case 2 


L. S. was 1 year old when he sustained a fracture of the right 
radius and ulna; a pseudarthrosis developed. A clinical diagno- 
sis of neurofibromatosis was made on the bases of café au lait 
spots and radiographic evidence of vertebral changes thought 
to be consistent with that disease. Grafting was first attempted 
9 years later. A surgical specimen was interpreted as represent- 
ing neurofibromatosis. After the first graft failed (fig. 2A), a 
second graft using internal fixation with an intramedullary rod 
produced a stable union which was still intact when the child 
was last seen 16 months later (fig. 2B). 


Case 3 


T. M. was 2 years old when she fell, fracturing her left radius. 
After a pseudarthrosis developed, a diagnosis of neurofibroma- 
tosis was made on the basis of a positive family history and the 
presence of numerous café au lait spots. By age 9 years, she 
had undergone six unsuccessful bone grafting operations (fig. 
3), the last of which involved use of an intramedullary rod for 
stabilization. Histologic documentation of neurofibromatosis 
was obtained during one of the surgical procedures. 
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Case 4 


D. P. was first examined at 1 year of age because of marked 
deformity of the left arm and forearm. She had multiple cuta- 
neous neurofibromata and diffuse bone changes consistent 
with neurofibromatosis; bone biopsy material provided confir- 
mation. The humerus was grafted unsuccessfully twice; no 
attempts were made to graft the pseudarthrosis of the radius. 


Case 5 


P. M. was first noticed by his parents to have a deformed left 
arm at 3 years of age. There was no antecedent trauma, and the 
child was otherwise well. Family history was negative for signifi- 
cant disease. On examination at this time, a pseudarthrosis of 
the left radius was documented. 

At age 5, the initial successful graft using four Kirschner 
wires for stabilization was performed. The boy has had no 
recurrence nor has he developed any other abnormalities. 
Histologic examination of tissue at the time of the graft showed 
a fibrous union consistent with pseudarthrosis, confirming the 
impression that this was an idiopathic pseudarthrosis. 


Discussion 


Although congenital pseudarthrosis is known to occur 
in almost any of the long bones [1-3], it most commonly 
involves the tibia; only a few cases with radial or ulnar 
involvement have been reported [4-11]. The five patients 
reported here represent six pseudarthroses of the fore- 
arm: four of the radius and one each of the radius and 
ulna. 

Pseudarthrosis is considered congenital when present 
at birth or acquired by pathologic fracture through ab- 
normal bone present since birth. All of our patients had 
pseudarthroses of this type; one had the pseudarthrosis 
at birth (fig. 1), in two it developed following a fracture, 
and in two it developed without obvious trauma. 

There is a well known relationship between pseudar- 
throsis and neurofibromatosis [1, 5, 12, 13]. Approxi- 
mately 5% of patients with neurofibromatosis develop 
pseudarthrosis [1], and 5096 of patients with pseudar- 
throsis will develop other stigmata of neurofibromatosis 
[3]. Four of the six congenital pseudarthroses in our 
patients were related to neurofibromatosis, one to fi- 
brous dysplasia, and one was idiopathic without other 
characteristics of a generalized disease. These three 
entities are closely interrelated. Indeed they may be in- 
distinguishable histologically, since the tissue removed 
between the bone ends consists of disorganized spindle 
cell proliferation [3, ,I4]. The three may be associated 
with café au lait spots which may occur years after the 
onset of the pseudarthrosis [1, 13]. 
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Congenital pseudarthrosis must be differentiated from 
nonpathological fractures which fail to unite, as well as 
from the very rare pseudarthrosis occasionally seen with 
slowly growing soft tissue tumors that locally erode the 
adjacent bone (fig. 4). The associated radiolucent defect 
in the bone through which the fracture occurs, the 
tendency for formation of little callus, and the tapered 


CLEVELAND ET AL. 


Fig. 1.—Case 1. A, Age 1 month. 
Fibrous dysplasia and  pseudar- 
throsis of distal radius present since 
birth. B, Age 72 years. Solid union 
of radius 6 years after second and 
last graft which included intramed- 
ullary rod. 


Fig. 2.— Case 2. A, Age 10 years. 
Pseudarthrosis of distal radius 4 
months after grafting. Similar lesion 
evident in ulna. Patient has neurofi- 
bromatosis. B, Age 12 years. Solid 
union of the radius 16 months after 
second graft. Untreated pseudar- 
throsis of ulna persists. 


configuration of the bone ends aid in the radiologic 
differentiation of congenital pseudarthrosis from the 
acquired pseudarthrosis that follows a fracture of normal 
bone. 

The prognosis of pseudarthrosis of the lower extremity 
is guarded. Solid union may require repeated grafts. 
Recent large surveys have shown a higher incidence of 
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CONGENITAL PSEUDARTHROSIS OF RADIUS 


union if the surgical site is stabilized by internal fixation, 
especially with intramedullary rods [15, 16]. Of the five 
children, four were treated with bone grafts of the radius. 
One underwent surgery once with graft and stabilization 
with four Kirshner wires leading to successful union. He 
is the exception; the other three had repeated grafting 
(two, three, and six times). Two children had successful 
union only after grafting was accompanied by the place- 
ment of an intramedullary rod (fig. 2). The three success- 
fully treated patients have been followed since their final 
surgery for periods of up to 10 years without recurrence. 
However, one child has had six grafts, the last with an 
intramedullary rod, still without success (fig. 3). Surgery 
should be carried out early to avoid deformities of the 
forearm. 

The etiology, differential diagnosis, treatment, and 
long term follow-up of congenital pseudarthrosis of the 
radius correlate with the data of similar lesions in the 
tibia. This suggests that the reason for poor fusion is 
unrelated to weight bearing, but is the result of the 
underlying bone pathology [1, 3, 5, 12]. 
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Fig. 3. — Case 3. Age 9 years. Neu- 
rofibromatosis and persistent pseu- 
darthrosis of left radius despite six 
previous attempts at grafting. In last 
attempt, 1/2 years earlier, intramed- 
ullary rod was used for stabilization. 


Fig. 4.— 4-year-old girl with cav- 
ernous hamangioma of left forearm 
present since birth. Note pseudar- 
throsis secondary to local pressure 
erosion from soft tissue mass. 
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Urography in the Child Who Wets 


MICHAEL W. STANNARD' AND ROBERT L. LEBOWITZ' 


Most children who wet have no underlying structural abnor- 
mality and will not benefit from urography. However, several 
conditions may mimic simple enuresis, and in children with 
clinical clues that suggest these diagnoses, urography can be 
confirmatory. The urogram should be conducted so as to 
exclude an anatomic cause for wetting. This is likely in 
females in the presence of a duplex collecting system, a 
nonfunctioning kidney, marked vaginal reflux, or a widened 
interpubic distance. In the urogram of a child of either sex, a 
spinal anomaly should be sought. 


Enuresis has been defined as "inappropriate or involun- 
tary voiding of urine at an age by which control should 
be present" [1]. In the vast majority of these patients, 
especially those who are wet only at night, no organic 
lesion is present [1, 2]. That maturational lag is respon- 
Sible is suggested by their delay in central nervous 
system maturity and reduced bladder capacity [1]. In the 
small number of children with an underlying physical 
abnormality, a careful history, a physical examination 
that includes inspection of the perineum and low back, 
and a thorough neurologic examination will usually sug- 
gest the cause. 

The radiologist is often asked to perform urography on 
children who wet. Recognizing that urography is not the 
primary method of diagnosis, the radiologist must nev- 
ertheless conduct each examination so as to exclude the 
anatomic causes outlined below. 


Anatomic Causes for Wetting 
Ectopic Ureter with Duplicated Collecting System 


This is a well recognized cause of incontinence in 
females. Unlike the male in whom the extravesical sites 
of ureteral insertion (prostatic urethra, seminal vesicle, 
vas deferens) are above the external urinary sphincter so 
that voiding is under voluntary control, the ectopic ureter 
in the female can be infrasphincteric (lower urethra, 
parameatus, or vagina) and can be a cause of wetting. 

Diagnosis of the ectopic ureter in these patients may 
be as difficult as detection of the duplicated collecting 
system itself. The upper pole system is often small and 
poorly functioning so that its presence can only be 
inferred from displacement of the lower pole calyces or 
ureter, or from an increased parenchymal thickness at 
the upper pole. Duplication is commonly bilateral [3]. An 
appreciation of this fact would have greatly helped in the 
management of the following child. 

Case 1. A 4'/z- year-old girl had a history of being wet day and 
night since infancy. She was able to void and stool normally, 
and there was no evidence of urinary tract infection. A urogram 
at this time was reported as showing a normal right kidney and a 


Received November 29, 1977; accepted January 27, 1978. 


duplicated collecting system on the left (fig. 1A). At cystoscopy 
there were normal orifices at each corner of the trigone, and an 
ectopic ureteral orifice was found just above the bladder neck. 
Despite its suprasphincteric position, it was considered respon- 
sible for incontinence; a left upper pole nephroureterectomy 
was performed. 

The wetting continued even after another operation at which 
the bladder neck was “tightened.” After 6 more years and 
excretory urography on two occasions, a duplex collecting 
system was recognized for the first time on the right. At 
examination under anesthesia, a parameatal ectopic ureteral 
orifice was found (fig. 18). Retrograde injection of contrast 
material revealed a small upper pole collecting system (fig. 1C). 
After right upper nephroureterectomy, the wetting ceased. 


Ectopic Ureter with Single Collecting System 


The single kidney associated with an ectopic ureter is 
often small and functions poorly. It was invisible at 
urography in 40% of one series [4]. The renal tissue, 
even though dysplastic, can often produce enough urine 
to cause wetting. The radiographic clue therefore is the 
nonvisualized kidney. 

Case 2. A 3'/2-year-old female was referred for urinary drib- 
bling which persisted after successful toilet training. Excretory 
urography showed only a hypertrophied kidney on the right. 
Cystoscopy revealed absence of the left hemitrigone. As a re- 
sult, examination of the vagina under anesthesia was per- 
formed, and an orifice was detected which was shown by injec- 
tion of contrast (fig. 2) to belong to an ectopic left ureter. This 
was shown at surgery to connect with an ectopic dysplastic kid- 
ney. Nephroureterectomy was performed and the wetting 
stopped. 


Vaginal Reflux 


Vaginal reflux is common, found in 69% of one series 
[5]. Normally the anatomy is such that the vagina drains 
promptly. Any obstruction to such drainage can produce 
prolonged seepage which presents clinically as wetting 
[6]. Adhesions of the labia minora [7] is such a disorder 
and is readily cured by lysis of the adhesions, which can 
be performed with minimal trauma by the topical appli- 
cation of estrogens. In obesity the labia may be so tightly 
apposed that a similar situation arises [8], as in the 
following child. 

Case 3. At 7 years of age an obese female was referred for uri- 
nary dribbling. Toilet training had been satisfactory, but for the 
previous 9 months she had been wet approximately four times 
each day and also at night. Excretory urography showed a 
normal upper urinary tráct, but on voiding a large volume of 
contrast refluxed into the vagina (fig. 3). She was instructed to 
separate her labia after voiding so as to permit drainage of 
urine. This completely cured the wetting! 


'Department of Radiology, Children's Hospital Medical Center and Harvard Medical School, 300 Longwood Avenue, Boston, Massachusetts 02115. 
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Fig. 1.—Case 1. A, Urogram showing duplicated collecting system on left. Though it was 
called normal, close scrutiny of collecting system on right shows that it too is duplicated. 
Upper system is just visible (arrow). B, Vulva with catheter in orifice of ectopic right ureter. 
C, Retrograde injection of ectopic ureter showing origin from upper pole. 


an abnormally developed external urethral sphincter. 
Unlike males in whom the abnormally placed urethral 
meatus is easily recognized, the short patulous urethra 
in the female is more easily missed even though the 
clitoris is bifid (fig. 4A). The radiographic clue lies in the 
interpubic distance which is abnormally increased. A 
survey of 200 unselected infants and children [9] sug- 
gested that the normal range is 4-9 mm and that it does 
not normally exceed 10 mm as it did in the following 
child. 

Case 4. A 23/4-year-old child was seen because she was wet at 
intervals of 30-45 min throughout the day despite toilet training 
which had started at the age of 19 months. Physical examina- 
tion, excretory urography, and voiding cystography were re- 
corded as normal. Only when repeat physical examination 
detected a bifid clitoris were the radiographs reviewed. An 11 
mm separation of the pubic bones was seen (fig. 4B), and the 
diagnosis of epispadias without exstrophy was confirmed. She 
was still wet after a year of perineal exercises, so the short 
urethra was tubulised and the bladder neck suspended. This 
was followed by continence. 


Sacral Anomaly 


Spinal and associated neurologic anomalies causing 
incontinence are the most common occult malforma- 
tions to be found in both sexes. Though most cases of 
spinal dysraphism and caudal regression are evident at 
birth, some are not recognized. Lower spinal anomalies 
are likely to be concealed on the radiograph of the 
abdomen by a distended rectum, for fecal impaction is 
: : ; ; common. We have seen an adolescent with a sacral 
Epispadias (SubsympNySaA! EBISpadsy meningocele which was missed for many years for this 
reason. Lesser degrees of spinal dysraphism, with or 
period, only six cases in females were recorded [9]. It without a tethered cord or diastematomyelia, occasion- 
represents the least severe end of the spectrum of ally cause a child to present with wetting. Sacral agene- 
exstrophy of the bladder [10] and may be associated with sis frequently presents with incontinence [11] and may 
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This is a rare occurrence; in one review over a 30 year 
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Fig. 2.—Case 2. Retrograde injection of contrast 
through orifice in vagina revealing ureter (arrow) 
which drained ectopic dysplastic kidney. 


be accompanied by surprisingly little clinical neurologic 
deficit, so that the diagnosis is first made by the radiolo- 
gist. It may remain undetected until middle life [12]. The 
condition is more common in the children of diabetic 
mothers [11] and among the Maya people of Mexico (E. 
Martinez, personal communication). 

Case 5. Urinary incontinence was the referring symptom in a 
3-year-old male. He dribbled constantly and had occasional 
fecal impaction. There was no evidence of urinary infection. 
Urography showed bilateral renal scarring and partial sacral 
agenesis (fig. 5). Further inquiry revealed that his mother 
suffered from diabetes mellitus. 


Discussion 


The cases presented confirm the importance of a 
thorough history and physical examination. More than 
half of the ectopic ureters in females are inserted in the 
urethra or genital tract and are not accessible to direct 
inspection. In the latter instance urine may be seen 
coming from the vagina. The paraurethral ectopic ure- 
teral meatus might have been observed earlier in case 1, 
especially when the duplicated collecting system was 
seen at urography. Adherent and adipose labia are easily 
seen, and a therapeutic trial of separating them after 
voiding is easily started. The bifid clitoris of epispadias 
in the female is probably missed because it is not sought, 
or its rarity hampers recognition. When appreciated, the 
appearance is unmistakable (fig. 4A). Neurogenic disor- 
ders of the sacral spine may be detected by palpable 


Fig. 3.—Case 3. Postvoid film showing accumula- 
tion of urine which had refluxed into vagina (V). 


deficiency of vertebrae or by sensorimotor abnormalities 
of the perineum and sphincters. Function of the lower 
limbs is usually normal. The child of the diabetic mother 
should be screened for sacral agenesis by palpation and, 
if necessary, radiographs. Conversely, the mother of an 
affected child should be screened for diabetes. 

Most children who wet due to a structural abnormality 
have clinical clues that suggest the diagnosis. It is in this 
group that urography will be of value. As excretory 
urography is performed, the scout film in children of 
either sex should be scrutinized for a spinal anomaly; if 
the sacrum is obscured, a lateral film (fig. 5B) should be 
obtained. The urogram in girls should include a satisfac- 
tory view of the symphysis pubis. If a duplicated collect- 
ing system is seen, this should raise the suspicion of an 
extravesical ectopic ureter on the same or the opposite 
side. Unilateral renal nonfunction in a girl should also 
raise the suspicion of a single ectopic ureter and prompt 
further investigation. Finally, in the female patient in 
whom the prevoiding urogram is normal, a postvoid film 
to show the area of* the vagina should be taken. If 
refluxed contrast is present, a delayed film to assess its 
retention may be in order. 
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Fig. 4.—Case 4. A, Genitalia 
showing bifid clitoris (arrows) and 
labia minora which failed to fuse 
superiorly. B, Radiograph showing 
contrast in bladder (B) and vagina 
(V) and abnormal widening of sym- 
physis pubis. 


Fig. 5.—Case 5. A, Anteroposte- 
rior film showing deformity of S1 
and S2, suggesting absence of rest 
of sacrum. B, Lateral view confirm- 
ing absence of vertebrae below ilia 
(arrows). 
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Computed Tomography of the Normal Adrenal Glands 


JEAN-PHILIPPE MONTAGNE,':? HERBERT Y. KRESSEL,'^? MELVYN KOROBKIN,' AND ALBERT A. MOSS’ 


CT body scans of 60 random patients without evidence of 
adrenal disease were reviewed to determine the location, 
size, and shape of both normal adrenal glands. Both glands 
were clearly delineated in 78% of the patients evaluated. The 
length, width, and thickness of adrenal glands as measured 
by computed tomography were similar to comparable mea- 
surements from surgical and autopsy studies. 


Initial reports [1-3] of extracranial computed tomography 
(CT) emphasized its potential role in evaluation of the 
liver, pancreas, kidney, and retroperitoneal space. Only 
one [3] described the CT appearance of adrenal lesions, 
and the authors indicated that a normal adrenal gland 
occasionally could be seen, especially on the left. We 
have investigated the capability of CT to image the 
normal adrenal gland and report the normal size, loca- 
tion, and shape of both glands. Knowledge of the range 
of normal is useful for optimal interpretation of CT scans 
in patients with suspected adrenal pathology. 


Materials and Methods 


The CT scans of 60 random patients who had sections 
obtained at 1 cm intervals through the region of both adrenal 
glands were reviewed. None of the patients had clinical evi- 
dence of adrenal disease. The 33 men and 27 women ranged in 
age from 27 to 80 years (mean 56 years). An EMI 5000 body 
scanner (matrix size 160 x 160) produced 48 of the scans; a 
General Electric CT/T Body Scanner (matrix size 320 x 320) 
was used for the other 12. 

The presence, location, size, and shape of both adrenal 
glands were evaluated. Measurements were made on the hard 
copy recording medium routinely used in our department for 
each scanner. The measurements were made to the nearest 
millimeter and then multipled by the appropriate minification 
factor to obtain the true size. This method resulted in corrected 
measurements to the nearest 0.5 cm. 

The length of the gland was defined as its cephalocaudal 
dimension and the width as the greatest linear dimension seen 
on any single tomographic section. The thickness of the adrenal 
gland was defined as its dimension perpendicular to the long 
axis of the gland or one of its limbs. The greatest thickness at 
any site was the measurement recorded. In the linear glands 
this tended to occur at the anterior portion, while in the V- and 
Y-shaped glands the site was usually at the junction of the 
limbs. Thickness was not measured in triangular-shaped glands 
because a long axis could not be defined. Figure 1 shows the 
methods used to measure the width and thickness of the normal 
adrenal glands. 
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Results 


In 47 of the 60 patients (7896) both adrenal glands were 
delineated clearly enough to perform the measurements. 
In 13 patients (2296) both adrenal glands were either not 
seen or inadequately seen to determine their size and 
shape. The following results were obtained from mea- 
surements made on the 47 patients with excellent visual- 
ization of both adrenal glands. 


Location 


Superiorly, the anterior margin of the right adrenal 
gland was immediately posterior to the inferior vena cava 
at the level of junction of the intra- and extrahepatic 
portions (fig. 2). Its lateral margin was adjacent to the 
posteromedial aspect of the right lobe of the liver. The 
separation of the gland from the liver was variable, 
depending on the amount of retroperitoneal fat. Occa- 
sionally it was difficult to clearly delineate the lateral 
border of the right gland. The right crus of the diaphragm 
is just medial to the right adrenal. 

The medial margin of the left adrenal gland is lateral to 
the left crus of the diaphragm, but somewhat more 
anterior than the right gland (fig. 2). Its lateral margin is 
posterior to the pancreatic tail and to the splenic vessels. 

Most of the right adrenal gland was cephalad to the 
upper pole of the right kidney, whereas the left gland 
and the superior pole of the left kidney were usually seen 
on the same sections. The upper pole of the right gland 
was either at the same level (5195) or cephalad (3496) to 
the upper pole of the left gland. The lower pole of both 
glands was cephalad to the renal vessels, but the left 
gland was frequently in closer apposition to the left renal 
pedicle than the right. 


Shape 


The shape of the gland is its configuration on each 
cross section (fig. 3). It was determined on the section 
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Fig. 1.—Method of measuring width (W) and thickness (T) of adrenal 


glands. 
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Fig. 2. —CT scan and corresponding diagram showing typical location of normal adrenal glands. P = tail of pancreas, K = left kidney, SV = splenic 
vein, SB = small bowel, C = descending colon, V = inferior vena cava. 





Linear V-shaped V-shaped Y-shaped Triangular 
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Fig. 3.— Most frequent shape of normal adrenal glands. 
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TABLE 1 


Length of Adrenal Glands 
T—————————— ÉHÁÉá———————— 





Right Left 
Nóo.Seclons' ———— 

No. 96 No. % 
m —  — — P À— e O 
Petey Baas 3 6 pica -— 
EE is ule dab 20 43 16 34 
Baud drilihs 23 49 29 62 
M LEER 1 2 2 4 


* Nonoverlapping adjacent slices either 10 or 13 mm thick. 


TABLE 2 
Width of Adrenal Glands 
T ————M——————————? 


Right Left 

Centimeters ————— ——————— 
No. 9b No. 9o 

———— 
Io sssteciss 2 4 1 2 
E exa aged 3 6 4 9 
EB EN 21 45 25 53 
RR PE O 15 32 16 34 
SA REE 6 13 1 2 


where the gland was best seen. In most cases the right 
gland appeared linear or Slightly curvilinear. The left 
gland had more of a V or a Y shape, but occasionally 
appeared more squat or triangular. 


Length 


The length of each adrenal gland was estimated by 
counting the number of transverse cross sections on 
which each was visualized (table 1). The precise length 
could not be measured because of the associated partial 
volume error in estimating the cephalad and caudal 
extent of each gland. The normal adrenal gland was 
usually seen on two or three consecutive cross sections, 
corresponding to an approximate length of 2-4 cm. 


Width 


The width of each gland was determined on the section 
in which the adrenal appeared largest during the exami- 
nation (fig. 1). About 7596 of the right adrenal glands and 
80% of the left glands had a maximal width of 2.0-2.5 cm 
(table 2). 


Thickness 


All but one of the measured glands was 1 cm thick or 
less (table 3; fig. 1). Most of the left glands were 1.0 cm 
thick, whereas most of the right glands were less than 
1.0 cm. 


Discussion 


Conventional imaging approaches to the adrenal gland 
have distinct disadvantages. Plain abdominal radiogra- 
phy is useful only if an adrenal gland is calcified. Urog- 
raphy is helpful only if an adrenal gland is sufficiently 
enlarged to displace the underyling kidney [4]. The 
normal adrenal gland is usually not seen on nephroto- 
mography [5]. Ultrasound can identify the gland only if it 


TABLE 3 
Thickness of Adrenal Glands 


h 
ss ——— ee as 


Right Left 
Centimeters 
No. % No. % 
SIO cue 28 72 10 23 
14 . Te 26 33 77 
He uus. 2 


Note.— Measurements not made in four left and one right 
triangular-shaped glands. 


IS considerably enlarged; this method has not been 
widely used for studying the adrenals. Nuclear imaging 
with '*'l-labeled iodocholestrol is noninvasive, but 2-3 
weeks is usually required to complete an examination 
and, due to radioactive dose considerations, there is 
limited spatial resolution [6]. Adrenal arteriography and 
venography are invasive procedures of moderate techni- 
cal difficulty. Although some reports of venography have 
suggested a high rate of success in catheterization and 
accuracy in identifying small adrenal lesions [7, 8], we 
and others have had considerably less success in using 
this procedure. 

Using CT we were able to demonstrate the normal 
adrenaJ glands in 85% of the patients evaluated. Al- 
though the normal adrenal gland is quite small, the 
amount of fat usually present in the retroperitoneal 
Space permits sharp delineation of its borders. The 
length, width, and thickness of the adrenals determined 
by CT (tables 1-3) were remarkably similar to measure- 
ments reported from surgical and autopsy series [9, 10]. 
There was a marked paucity of retroperitoneal fat in all 
15 patients in whom the adrenal glands were not identi- 
fied. In addition, inability to suspend respiration (three 
patients) and streaklike artifacts due to bowel gas motion 
(two patients) contributed to the inadequate visualiza- 
tion. 

Several improvements in CT scanner technology will 
probably increase the frequency of demonstration of the 
normal adrenal glands. With scan speeds of 5 sec or 
less, streaklike artifacts due to patient respiration or 
bowel gas motion (even in the absence of antiperistaltic 
drug) should be less common. The ability to obtain cross 
sections of thicknesses less than 1.0 cm and to accu- 
rately position the patient for adjacent sections at inter- 
vals less than 1.0 cm will allow more ready visualization 
of small adrenal glands. 

On occasion, it may be difficult to accurately identify 
and measure the adrenal glands and distinguish them 
from normal adjacent structures. Depending on the 
amount of retroperitoneal fat, it may be difficult to 
separate the right adrenal gland from the adjacent pos- 
teromedial border of the right lobe of the liver. On the 
left side the cephalie portion may be adjacent to the 
splenic vessels, while the caudal pole may be indistin- 
guishable from the renal vessels. Intravenous injection 
of contrast material, especially following a bolus injec- 
tion [11], may occasionally be useful in identifying the 
vascular structures and distinguishing them from the left 
adrenal gland. 
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Measurements of all the parameters described may not 
be necessary or useful in all patients with suspected 
adrenal pathology. Measurement of the length is severely 
restricted by the partial volume error that affects mea- 
surements of size in the plane perpendicular to the 
scanning beam. Measurement of the width may be af- 
fected by the orientation of the adrenal axis with respect 
to the scanning plane. The range of values for adrenal 
thickness was quite narrow, and initial evaluation of 
proven adrenal pathology in our department suggests 
that the thickness may be the most useful of the three 
measurements. 
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Hydronephrosis of the Lower Pole of the Duplex Kidney: Another Renal 
Pseudotumor 


NOEL NUSBACHER" ? AND DAVID BRYK! 


Obstruction and reflux occur fairly commonly in the duplex 
kidney. Although obstruction with attendant hydronephrosis is 
more frequently seen in the upper pole of a duplex system, a 
similar process involving the lower pole should be considered 
in the differential diagnosis of renal mass lesions. Four cases 
are described in which lower pole hydronephrosis simulated 
neoplasm. 


The finding of a complete or incomplete duplex kidney 
on routine excretory urography is not uncommon [1-4]. 
The duplex kidney is subject to the same pathologic 
conditions as a "normal" kidney, albeit with a slightly 
increased incidence [1, 2]. However, the underlying 
duplex anomaly is not always appreciated on the patho- 
logic urogram, which may be a source of confusion in 
diagnosis [3, 5, 6]. Although upper pole hydronephrosis 
presenting as a mass lesion is well documented [3, 5-8], 
we have recently seen several cases in which lower pole 
hydronephrosis of a duplex system has simulated a neo- 
plasm, a finding not stressed in the radiologic literature. 
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Case Reports 
Case 7 


N. E., a 70-year-old male with a history of bilateral nephroli- 
thiasis, including a left staghorn calculus, was admitted for 
sepsis and right flank pain. Excretory urography revealed a left 
staghorn calculus and atrophic changes. On the right, hydro- 
nephrosis of the upper pole was seen with an apparently thick- 
walled mass involving the lower pole simulating a necrotic 
carcinoma (fig. 1A). However, a 24 hour delayed film revealed a 
hydronephrotic sac of the lower pole of an incomplete duplex 
kidney (fig. 1B). Surgical exploration revealed a ureteral stric- 
ture secondary to calculus disease. 


Case 2 


M. G., a 55-year-old female, was admitted with epigastric pain 
and vomiting. There was no history of urinary tract disease. 
Plain films of the abdomen showed a mass in the left flank. 
Excretory urography showed a mass involving the lower two- 
thirds of the left kidney (fig. 2A). Bistable ultrasonography 


Fig. 1.—Case 1. A, Tomogram of 
right kidney during excretory urog- 
raphy. Note apparent lobulated 
thick-walled mass of lower pole and 
hydronephrotic changes in upper 
pole. B, 24 hr delayed film revealing 
hydronephrotic sac of lower pole 
without evidence of neoplasm. Ar- 
rows show bifid renal pelvis. 
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Fig. 2.— Case 2. A, Excretory urogram, 5 minute film of both kidneys, 
showing large lower pole mass on left. Fewer calyces are seen on left 
than on right. B, Longitudinal bistable ultrasonogram of left kidney 


showing large anechoic mass. 
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revealed an anechoic transonic mass consistent with a cyst (fig. 
2B). Exploratory surgery was performed because of continued 
vomiting, pain, and fever. An obstructed lower pole of a duplex 
kidney was found and a left heminephrectomy performed. The 
cause of the hydronephrosis was a stricture of the distal end of 
the duplicated ureter, possibly congenital in origin. 


Case 3 


This 47-year-old man was admitted for evaluation of urinary 
tract infection which did not respond to routine antibiotic 
therapy. Early films of the excretory urogram showed evidence 
of bilateral lower pole masses (fig. 3A). Delayed films showed 
bilateral lower pole hydronephrosis. A cystogram showed mas- 
sive bilateral lower pole reflux (fig. 3B). 


Case 4 


A. Z.,a 67-year-old female, was admitted after 2 days of lower 
abdominal pain and tenderness. Urinalysis showed many white 
and red blood cells and uric acid crystals. Excretory urography 
showed lack of opacification of the collecting system of the 
lower pole of the left kidney on a 3 min tomogram. An area of 
irregular radiolucency suggested a nonopacified dilated collect- 
ing system (fig. 4A). Delayed films confirmed the presence of 
moderate hydronephrosis of the lower pole of a complete 
duplex kidney (fig. 4B). Cystoscopy was performed, and two 
ureteral orifices were seen on the left. A uric acid stone at the 
ureterovesical junction was extracted from the lateral ureteral 
orifice draining the lower pole. 


Discussion 


In normal patients, the duplex kidney is generally 
viewed as a common interesting variant seen at urogra- 
phy [1, 2, 4, 5, 7]. Running the gamut from bifid renal 
pelvis to complete duplication or triplication, diagnosis 
is usually quite straightforward [1, 2, 7]. When unilateral, 
the duplicated kidney is generally about 1-3 cm larger 





Fig. 3.—Case 3. A, Early film of excretory urogram. Apparent masses 


Voiding cystogram demonstrating massive reflux into dilated lower pole collecting systems of complete duplex 


lesions. 


are seen in both lower poles (arrows). Note sparcity of calyces bilaterally. B, 
kidneys without evidence of mass 
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Fig. 4. —Case 4. A, Anteroposterior tomogram during excretory urography showing fewer calyces on left. There is apparent mass at left lower pole 
with irregular area of radiolucency within it. B, Delayed film revealing hydronephrosis of left lower pole collecting system in duplex kidney, occupying 
area of apparent mass. Previously noted radiolucency is due to absence of early opacification of dilated lower pole collecting system. 


than its contralateral companion [2]. In complete dupli- 
cation, the ureter draining the upper pole enters the 
bladder distally and medially, while the ureter from the 
lower pole enters laterally and more proximally [1, 2]. 
Pseudotumors are common in incomplete duplex kid- 
neys [2]. The incidence of reflux and obstruction is 
increased in the duplex kidney [1, 2, 4, 7]. Whereas 
reflux to the lower pole is usually the rule, obstruction 
and hydronephrosis generally involve the upper pole [1, 
2,4. 7, 9]. 

Diagnosis of these conditions is generally made by 
routine intravenous urography [1, 5], although delayed 
filming is often needed [6-8]. When the diagnosis is in 
doubt, sonography, voiding cystography, retrograde and 
antegrade pyelography, and angiography can be of as- 
sistance [3, 5, 6, 7, 9]. In a few instances the diagnosis 
has not been firmly established until surgical exploration 
IG, 7]. 

The major diagnostic dilemma is differentiation of 
renal neoplasms from nonfunctioning hydronephrotic 
segments in the duplex kidney [3, 6-9]. This problem has 
generally been confined to abnormality of the upper pole 
of a duplex system in which obstruction with hydrone- 
phrosis is most common [1, 3, 4, 7, 8-10]. Thus the 
duplex kidney is a frequent consideration in the differ- 
ential diagnosis of upper pole "mass" lesions [5, 7-10]. 

In the evaluation of lower pole mass lesions, hydrone- 
phrosis in a duplex kidney is often not considered [7-9]. 
Single case reports in the urologic literature, however, 
have illustrated this phenomenon [7-10]. Our current 
report illustrates a spectrum of such findings. In cases 1 
and 4 obstruction to the lower pole was secondary to 
calculus disease. Case 3 was one of massive bilateral 
reflux to the lower poles simulating mass lesions. The 


etiology of obstruction in case 2 was obscure and prob- 
ably was congenital in origin. 

With the more universal use of sonography, puncture 
techniques, and computed tomography, the benign na- 
ture of these masses should be more apparent and the 
appropriate diagnosis clarified. However, even with the 
availability of these specialized examinations, the value 
of delayed filming during urography must be empha- 
sized. In our case material, the delayed films indicated 
the correct diagnosis in three of the four cases. 
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Effect of Fatigue and Alcohol on Observer Perception 


B. G. BROGDON,"'? C. A. KELSEY,' AND R. D. MOSELEY' 


A test series of chest radiographs containing pseudo- 
nodules was used to establish baseline sensitivity, specificity, 
and accuracy rates for individual observers. This experiment 
studies the effect of fatigue (as subjectively measured) and 
alcohol (as measured by blood alcohol levels) on observer 
perception and performance. The results indicate that the 
fatigue encountered in the course of ordinary professional 
activities has no significant effect on diagnostic accuracy. 
Modest quantities of alcohol may adversely influence diag- 
nostic sensitivity, but the effect is unpredictable. Subjective 
estimates of the influence of fatigue or alcohol on perform- 
ance by individual observers are frequently erroneous. 


We have been investigating factors which influence the 
diagnostic accuracy of observers attempting to detect 
the presence of simulated nodular lesions in chest radio- 
graphs. Studies on the effect of lesion size and position 
and the effect of providing a second shifted radiograph 
similar to a stereoscopic pair have been reported [1, 2]. 
One possible confounding variable not included in these 
analyses was the fatigue level of the observer. The 
fatigue level of any observer varies considerably 
throughout the day and could significantly modify con- 
centration, attention span, and perception. Concur- 
rently, we decided to investigate the effect of a depres- 
sant drug (alcohol) on observer performance. 


Materials and Methods 


A method previously devised to place pseudolesions in the 
lung fields of chest radiographs was used [2]. Masks made by 
radiographing spherical pieces of lean ground beef 1.0 or 1.5 
cm in diameter were, by a duplication process, superimposed 
upon one of the four quadrants of the lung fields of selected 
normal chest radiographs to produce the "positive" radio- 
graphs. Blank masks were duplicated with the same group of 
normal radiographs to obtain the "negative" cases for the 
study. Density and quality of the films were controlled carefully; 
the duplicated radiographs were judged comparable to those 
encountered in everyday clinical practice. 

Volunteer observers (radiologists, radiology residents, and 
diagnostic radiological physicists) viewed each radiograph sep- 
arately and categorized lesions as follows: (1) certainly not 
present; (2) probably not present; (3) 5096 chance of being 
present; (4) probably present; and (5) definitely present. This 
scale of observer certainty was devised in our earlier investiga- 
tions in order to permit the development of receiver operating 
characteristic curves [3] as modified by Starr et al. [4] to include 
the localization requirement. The quadrant location of the 
lesion was required for radiographs classified in categories 3-5. 
Positive lesions correctly located but classified in category 3 
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were assigned a 50% correct score. Radiographs placed in 
category 3 which were either incorrectly localized or given false 
positive classifications were considered completely wrong. 
Negative radiographs placed in categories 1 or 2 were scored as 
correct. 

For each set of observations by each participant, sensitivity 
and specificity determinations were made and the accuracy rate 
calculated. Sensitivity is the number of positive responses 
divided by the total number of positive radiographs present. 
Specificity is the number of negative responses divided by the 
total number of films containing no lesion. Accuracy is sensitiv- 
ity expressed as a percentage. 

Our previous experiments using a series of 100 radiographs 
containing 1.0 and 1.5 cm diameter pseudolesions required 
over 1 hr for most readers to complete. Since observers would 
not agree to read test films for this length of time either before 
or after a day of work, the number of radiographs was reduced 
to enable completion in less than 30 min. The sensitivity results 
of the 11 readers of the previous series [1] were analyzed to 
eliminate some radiographs. All radiographs correctly identified 
by more than nine of 11 observers were eliminated as too easy. 
Radiographs identified by less than two observers were elimi- 
nated as too hard. This reduced the number of positive radio- 
graphs from 56 to 22; 18 normal radiographs selected at ran- 
dom were added to this series. The radiographs were random- 
ized and renumbered to make up the series of 40 radiographs 
used for both studies reported here. 


Fatigue Study 


The fatigue level of the observer was established by the 
following subjective evaluation: (1) very fresh; (2) ready; (3) 
tired; (4) worked a full day; and (5) dead tired. We have no 
information on the interobserver correlation of fatigue levels, 
although all observers had no trouble intuitively relating the 
rating scale to their subjective feelings. We believe that an 
individual's perception of fatigue remains fairly constant from 
day to day. Observers were requested to read the entire series 
of 40 films at various times during the day (at the various fatigue 
levels). No more than one reading was performed per day, and 
participants were requested to allow 3 days between readings 
in order to minimize the possibility of remembering the se- 
quence of positive radiographs. 

No external means were used to induce unusual levels of 
fatigue in the observer group. We wished to investigate the 
effect of the normal range of fatigue expected in a real-life 
clinical situation as a function of normal professional activities 
and ordinary living. 


Alcohol Study 


Seven volunteer observers who had established baseline 
sensitivity and specificity levels in the fatigue study were asked 
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to consume either two or three alcoholic drinks after having 
fasted for at least 3 hr. Venous blood samples were drawn from 
each observer immediately before and after the film reading 
exercise for determination of blood alcohol levels by serum 
electrophoresis. Accurate time records were kept for the begin- 
ning and completion of ingestion, initial blood sample with- 
drawl, beginning and completion of film series interpretation, 
and second blood sample withdrawal. Each observer completed 
a two drink and a three drink test series of 40 radiographs. 
Since it was our desire simply to measure effects that could 
conceivably be encountered in real-life clinical situations, no 
effort was made to induce frank intoxication or to introduce 
more precision in dose determination. 


Results 
Fatigue Study 


There were a total of 30 observations by 11 observers: 
three experienced radiologists, two diagnostic radiolog- 
ical physicists, and six second or third year diagnostic 
radiology residents. The average sensitivity for the entire 
series was .68 + .09. The average specificity was .91 + 
.09. Figure 1 shows the average sensitivity as a function 
of the average fatigue level for all observers. Figure 2 
shows the average specificity as a function of the aver- 
age fatigue level for all observers. 

Without exception, each observer felt he was scoring 
high on the test series and finding most of the lesions 
when he was fresh. When very fatigued, observers 
thought they were doing quite poorly and missing posi- 
tive findings. Clearly, these subjective impressions were 
not confirmed by the results. One explanation of the 
essentially uniform sensitivity observed over the range of 
fatigue levels might be that observers unconsciously take 
more time when tired in order to reduce possible errors. 
However, time records showed that the series took 10- 
29 min (average, 18 min) and there was no correlation 
between time spent and subjective fatigue levels. 


Alcohol Study 


Table 1 shows the variation in sensitivity and specificity 
detected in seven observers after alcohol consumption 
compared to the previously determined baseline for each 
observer. Blood alcohol levels measured before and 
after the reading sessions are shown. As expected [5], 
these correlated well with body weight and the time span 
between beginning ingestion and completion of the tests 
(average, 80 min; range, 60-100 min). 

For both two and three drink test series, participants 
were asked, "Did you feel that the amount you had drunk 
might be adversely affecting your performance?" Half of 
both the positive and negative responses elicited were 
incorrect according to the sensitivity and specificity 
values obtained, if results within 2 SD are considered 
normal. Another question, "Was the effect [of the alco- 
hol] greater on one occasion or another and, if so, which 
occasion?" was answered incorrectly in four of seven 
responses (table 1). 


Discussion 


The average sensitivity for the baseline series is higher 
than the average sensitivity found in our previous two 


I.O 


AVERAGE SENSITIVITY 


| 2 3 4 9 
FATIGUE LEVEL 


FRESH DEAD TIRED 


Fig. 1.—Average sensitivity at various levels of fatigue for 30 
observations by 11 observers. Bars represent average intraob- 
server variation on multiple readings. 
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Fig. 2.— Average specificity at various levels of fatigue for 30 
observations by 11 observers. Bars represent average intraob- 
server variation on multiple readings. 


studies. We believe this is due to elimination of the 
extremely difficult radiographs. On the other hand, our 
average sensitivity is lower than that reported by other 
investigators [6]. This is probably because of the un- 
equivocal nature of our test radiographs. If "positivity" 
were determined by group consensus or by the opinions 
of the two most senior radiologists among the test 
participants, then our sensitivity and specificity values 
would compare quite closely to those reported by others. 

In the course of these two experiments, 11 observers 
viewed the 40 radiographs a total of 44 times (from one 
to nine observations per person). Sequential readings 
ordinarily were separated by several days or weeks to 
minimize memorizing the test radiographs. Sequential 
readings at closer intervals were performed in reverse 
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TABLE 1 
Sensitivity and Specificity Determinations After Alcohol Ingestion 
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Fig. 3.— Variation in sensitivity from previous established baseline for 
each of seven individuals plotted against blood alcohol levels. Line 


represents least mean squares fit. 20 40 60 80 lOO 
BLOOD ALCOHOL LEVEL (mg 95) 


order alternately for the same purpose. Good repro- 
ducibility of an individual's receiver operating character- 
istic curve for a given test series with multiple readings 
has been shown previously [1]. 

The experimental model used simulates a limited di- 
agnostic situation. Although the radiographic images are 
realistic, all observers knew that not more than one 
lesion was present and that the lesion was either 1.0 or 
1.5 cm in diameter. Despite this, we are confident that 
our fatigue level studies are valid. The task was well 


Fig. 4. — Variation in specificity from previous established base- 
line for each of seven individuals plotted against blood alcohol 
levels. Line represents least mean squares fit. 

e 


defined and controlled so that the only significant varia- 
ble was observer fatigue. Results indicate that there is 
no significant effect of fatigue on observer sensitivity or 
specificity at least from the fatigue levels encountered 
between the beginning and the ena of an ordinary 
working day. The sensitivity of an observer who had not 
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slept for 24 hr, or was otherwise unusually stressed, 
might well be degraded significantly, but has not been 
investigated in this series. 

The work of Christensen et al. [7] on the effect of 
fatigue on detection of pulmonary nodules by radiology 
residents, reported subsequent to the completion of this 
investigation, is in accord with our findings. Although 
their test series and experimental design differed consid- 
erably from ours, their conclusion also was that perform- 
ance did not deteriorate with fatigue. 

Within the limitations of this investigation, the effect of 
the ingestion of modest quantities of alcohol is unpre- 
dictable. Performance did not correlate well with blood 
alcohol levels (fig. 3). Only one subject, on one occasion, 
achieved a blood alcohol level consistent with legal 
inebriation and, on that occasion, performed slightly 
above his baseline level. Further, individual response 
was quite variable since several participants had lower 
sensitivity values with a lower blood alcohol level on 
their two drink test than with their three drink test. In 
general, however, average performance is diminished by 
the consumption of alcohol. Using a least squares fit 
(fig. 4) for the data points, an almost linear decrease in 
specificity with increasing blood alcohol levels can be 
demonstrated. 

Perhaps most important, observers were extremely 
poor in subjectively evaluating the effect of either fatigue 
or alcohol on their performance levels. With respect to 
fatigue, the results are somewhat reassuring; with re- 


spect to alcohol consumption, considerably more dis- 
concerting. 
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Case Reports 


Traumatic Aneurysm of the Basilar Artery 


WILLIAM O. BANK,' PAUL B. NELSON,? BURTON P. DRAYER,' ROBERT H. WILKINS,?:3 AND ARTHUR E. 
ROSENBAUM' 


Aneurysms develop following closed or penetrating 
trauma in relation to the severity of the arterial injury 
sustained. Anatomic structures protect certain arteries 
more than others, thereby reducing but not precluding 
the occurrence of traumatic aneurysms in these vessels. 
A recent review of the world literature [1-7] revealed 41 
intracerebral traumatic aneurysms. This case constitutes 
the first known report of a traumatic aneurysm involving 
the basilar artery. 


Case Report 


A 44-year-old male received a shotgun wound at a range of 
36.6 m. He was mentally confused but not unconscious and had 
difficulty handling secretions until he was intubated at an 
outside hospital. On arrival at Presbyterian-University Hospital, 
the patient was alert and oriented, with normal vital signs. 
Multiple pellet entrance wounds covered his face, neck, and 
upper chest. Marked periorbital and scleral swelling involved 
the left eye, with an ecchymotic entrance wound over the 
superolateral aspect of the left eyelid. A posterior chamber 
hemorrhage obscured the fundus of the left eye. The carotid 
arteries were palpable, and neither carotid nor occular bruit 
was present. 

Neurologic evaluation revealed patchy hypalgesia over the 
right forehead and left leg. A mild left hemiparesis affected the 
leg more than the arm, with hyperreflexia, ankle clonus, and 
Babinski reflex also noted. No cerebellar deficit was present. 

Standard radiographs of the skull, neck, and chest demon- 
strated superficial positions for all pellets except one; on ster- 
eoradiographs this appeared to lie on the right side of the 
posterior fossa. A CT scan localized this pellet just lateral to the 
fourth ventricle (fig. 1). Since lumbar puncture revealed grossly 
bloody spinal fluid, cerebral angiography was performed. This 
demonstrated a small traumatic aneurysm projecting from the 
left lateral aspect of the midportion of the basilar artery (figs. 2A 
and 2B). Repeat angiography 1 week later suggested an in- 
crease in size of the aneurysm; this was confirmed (figs. 2C and 
2D) by additional angiography 2 weeks after the initial study. 
During the latter examination, administration of contrast mate- 
rial revealed a diminutive right vertebral artery with a stenotic 
origin. 

A Crutchfield clamp was used to gradually (7 days) occlude 
the dominant left vertebral artery [8]. The patient's neurologic 
status remained unchanged. One week after total occlusion, 
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angiography failed to demonstrate the aneurysm. Although 
opacification of the basilar artery was obtained, it was judged 
less than optimal due to the necessity of injecting proximal to 
the stenosis of the right vertebral artery. Since that time there 
has been a gradual improvement in all of the patient's neuro- 
logic deficits, and he has returned to work. 


Discussion 


A recent review of intracerebral traumatic aneurysms 
[7] summarized the 41 cases in the world literature. 
Although Loop et al. [9] described traumatic occlusion 
of the basilar artery within a clivus fracture, we have 
been unable to document a previous report of a trau- 
matic aneurysm involving the basilar artery. 

In age and sex, our patient conforms to the norms 
seen in the review of Fleisher et al. [7]. The male-female 
ratio of 3:1 corresponds to the greater incidence of head 
trauma in males. Both mean and median age fell in the 
middle of the fourth decade. Penetrating injury led to the 
development of intracerebral traumatic aneurysms in 
only one-fifth of the cases reviewed by Fleisher et al. 
[7]. Those nine cases and our own are summarized in 
table 1. The present case is similar to the previously 


Fig. 1.—CT scan (EMI) dem- 
onstrating location of single pel- 
let (black arrow) to right of 
fourth ventricle (white arrow). 
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Fig. 2.— Selective left vertebral angiogram. Lateral (A) and frontal (B) projections showing three points that define trajectory of pellet: small metallic 
foreign bodies in posteromedial aspect of orbit (arrowheads), aneurysm projecting laterally from left side of basilar artery (arrow), and final resting 
place of shot (double arrow) in right side of cerebellum. C and D, 18 days later. Lateral (C) and transfacial (D) projections showing slight increase in 
size of aneurysm (arrow). Double arrows indicate unchanged position of metallic shot. 


reported cases with one exception: the aneurysm was 
located on the lateral aspect of the pasilar artery. 
Penetration of the cranial vault occurred through the 
orbit in six of the 10 cases studied (table 1). This group 
included all of the shotgun injuries in addition to one 
caused by a radio antenna [5] and another by a tent pole 
spike [10]. In the present case the trajectory of the pellet 
can be reconstructed on both frontal and lateral radio- 
graphs by connecting the point of entry through the 


eyelid with the small metallic fragments in the left orbit, 
the aneurysm, and the final resting locus of the shot 
itself (fig. 2). 

Both blunt and penetrating head trauma can cause 
intracranial traumatic aneurysms. The present case em- 
phasizes the role of the orbit and superior orbital fissure 
in allowing a relatively low velocity projectile to injure 
the basilar artery deep within the confines of the cranial 
vault. 


CASE REPORTS 


TABLE 1 


Intracerebral Traumatic Aneurysms Caused by Penetrating Injury 
Oe 


Reference Type of Injury 
Acosta et al. [1]: 
Case! ...... 22 caliber gun- 
shot wound 
Case 2 ...... 25 caliber gun- 
shot wound 
CADS Luo High velocity gun- 
shot wound 


Present case ... Shotgun wound 


Brenner [2] .... Motorcycle acci- 
dent 

Chadduck [3] .. Skin diver's 
speargun 


Courville [4] ... Shotgun wound 
Cressman and 
Hayes [5] .. Impaled on jeep 
antenna 
Hirsch et al. [B] . Shotgun wound 
Thompson et 
al. [10] .... Tent pole spike 


REFERENCES 


Entry Point 


Left supraorbital skull 


Left orbit through superior 
orbital fissure; ennuclea- 
tion required 

Right frontal bone 


Left orbit through superior 
orbital fissure; no ennu- 
cleation 

Frontal parasagittal 


Right frontal bone 


Left facial through orbit; 
ennucleation required 

Through left orbit; ennu- 
cleation required 

Right facial through orbit 


Through left orbital roof; 
no ennucleation 


Location of Aneurysm 


Frontopolar branch of left 
anterior cerebral artery 
Branch of left middle cere- 

bral artery 


Right cerebral artery 


Basilar artery 


Pericallosal branch of right 
anterior cerebral artery 

Ascending frontal branch 
of right middle cerbral 
artery 

Terminal left internal ca- 
rotid artery 

Left anterior choroidal ar- 
tery 

Supraclinoid right internal 
carotid artery 

Left anterior cerebral ar- 


tery 
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Intracranial Venous Sinus Thrombosis: Diagnosis Suggested by Computed 
Tomography 


LYLE R. WENDLING' 


Computed tomography (CT) has revolutionized neurodi- 
agnosis, and the recent medical literature is replete with 
descriptions of its applications. To my knowledge, there 
is no published report on the use of CT in diagnosis of 
intracranial venous sinus thrombosis. This paper pre- 
sents the CT findings in a case of thrombosis of the great 
vein of Galen and straight sinus. 


Case Report 


An 18-month-old white female was admitted to Sacred Heart 
Medical Center. Two weeks earlier she had developed transient 
vomiting with a mild fever and was noted to be pulling at her 
right ear. Her physician made the diagnosis of bilateral otitis 
media and started treatment with decongestants and erythro- 
mycin. One week later, the child became somewhat lethargic, 
began to stare, and was noted to be tremulous. She was 
admitted to the local hospital, where spinal puncture fluid 
revealed 157 red blood cells and a protein level of 115 mg/100 
ml. The child developed difficulty moving her right side, and 
because of lack of improvement was transferred to a larger 
hospital. No clinical change was noted, but skull films sug- 
gested spreading of the cranial sutures. A radionuclide brain 
scan was not done. Bilateral carotid angiography was per- 
formed, and shortly thereafter she was transferred to Sacred 
Heart Medical Center. 

Neurologic examination revealed an alert but irritable female 
child who did not respond to visual threats from either the right 
or the left. She appeared to have a right central facial weakness. 
Only on painful stimulation would the patient move the right 
side of her body. The right-sided reflexes were hyperactive, and 
a right Babinski reaction was demonstrated. The previously 
performed angiograms were reviewed; they demonstrated non- 
filling of the deep venous system on the right (figs. 1A and 1B) 
and filling of only the internal cerebral vein on the left (figs. 1C 
and 1D) with no visualization of the great vein of Galen or 
straight sinus. A CT examination was performed which showed 
an elongated area of increased attenuation in the distribution of 
the straight sinus, with an additional small punctate area of 
increased density in the region of the great vein of Galen (fig. 
2). Attenuation in this region was 50-60 Hounsfield units. 
Diagnosis was thrombosis of the great vein of Galen and 
straight sinus. 

The patient was discharged after about 1 week of hospitali- 
zation. Clinically it was felt that she had improved; she exhibited 
no evidence of increased intracranial pressure, and there were 
no primary or secondary signs of progression of the deep 
thrombosis. Motion of the right side of the body seemed slightly 
improved. 


Discussion 


Since early clinical evaluations, it has been apparent 
that CT is the single most accurate modality in the 
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evaluation of intracranial blood collections [1, 2]. Scott 
et al. [2] stated that most blood clots have attenuation 
coefficients of low 20s to mid 40s EMI units (40-80 
Hounsfield units). Subsequently, Norman et al. [3] have 
outlined the exact range of Hounsfield units for clots of 
varying hematocrit and have related the contributions of 
various blood components, including hemoglobin, cal- 
cium, and iron, to the total Hounsfield number. 

Thrombosis of the dural venous sinuses has many 
etiologies. Septic thrombosis may be a serious compli- 
cation of meningitis or encephalitis. It may also occur as 
a result of localized intracranial infections as with sub- 
dural empyema or brain abscess. It may spread from 
concurrent infections of the middle ear, mastoids, or 
paranasal sinuses. Cavernous sinus thrombosis often 
occurs as a complication of infections of various facial 
structures. Finally, dural venous sinus thrombosis can 
occur in association with or as a delayed sequela of a 
variety of distant or generalized infections [4, 5]. 

Aseptic causes of venous sinus thrombosis include 
skull trauma with or without skull fracture, as well as 
trauma related to craniotomy. Venous sinus thrombosis 
has rarely occurred during and following pregnancy and 
has occasionally been related to the use of oral contra- 
ceptives. Severe subarachnoid hemorrhage can produce 
venous sinus thrombosis and may, by slowing intracra- 
nial blood flow, suggest thrombosis on a standard serial 
angiogram. A variety of miscellaneous causes resulting 
in sludging or slowing of venous flow, including polycy- 
themia, hypercoagulable states, distant inflammatory 
processes, and a variety of vascular diseases, have also 
been implicated as causes of venous sinus thrombosis 
[4, 5]. 

Previously, noninvasive methods have proven rela- 
tively ineffective in verifying the presence of intracranial 
venous sinus thrombosis. A review of the literature 
revealed only scattered case reports of the use of radio- 
nuclide scans in the diagnosis of intracranial venous 
sinus thrombosis [6, 7 ]. Recently, Barnes and Winestock 
[8] described a modification of the standard Anger cam- 
era system which seems capable of recording the flow or 
absence of flow of radionuclide in the superior sagittal 
sinus. They reported two patients with superior sagittal 
sinus thrombosis whose diagnosis was confirmed by 
radionuclide flow study. 

Use of CT in the diagnosis of intracranial venous sinus 
thrombosis has not been previously reported. There are 
probably several reasons for this. The dural sinuses, 
except for the great vein of Galen and the straight sinus, 
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Fig. 1.—A and B, Right carotid angiogram, late venous phase, showing good filling of multiple cortical veins as well as superior sagittal sinus and 
right transverse sinus. Internal cerebral vein, great vein of Galen, and straight sinus are not opacified. Arterial phase was normal. C and D, Left carotid 
angiogram, late venous phase, showing superficial venous systems (similar to A and B). Note that internal cerebral vein is filled (arrows) but great vein 
of Galen and straight sinus are not. (Films courtesy of Dr. E. T. Drouillard, Missoula, Mont.) 


are immediately adjacent to the skull. The inner table of 
the skull is frequently grooved by these structures and 
other vascular impressions, impairing the reliability of 
absorption coefficient analysis (partial volume effect, 
computer artifact arising from bony prominences). In 
addition, visualization of the entire dural venous system, 
particularly portions of the superior sagittal sinus, is not 
accomplished routinely using the standard axial projec- 
tion. 

The great vein of Galen and straight sinus, because 
they are surrounded by cerebrospinal fluid and brain, 
are almost always visualized on CT study done with 
contrast enhancement, and their appearance is quite 


characteristic [9]. That there have been no previous 
cases is probably related to the relative rarity of isolated 
thrombosis of the great vein of Galen and straight sinus 
[4]. 

Naidich et al. [9] detailed the anatomy of the enhanced 
tentorium on axial section. An axial section through the 
tentorium near its apex with the plane of section slightly 
inclined to the long axis of the straight sinus would 
include the great vein of Galen and, more posteriorly, 
would produce a separate elongated configuration of a 
thrombus in the straight sinus. It was this appearance on 
CT which led to the diagnosis in the present case. 

Enhancement in the region of the straight sinus prob- 
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Fig. 2.—A, CT scan without contrast enhancement near apex of 
tentorium showing circular area of increased density midway between 
atria of lateral ventricles (b/ack arrow). Just posterior to this is second 
area of increased density in midline conforming to position and configu- 
ration of straight sinus (open arrow). Attenuation in latter region was in 
low 50s (Hounsfield units). B, CT scan of same section after injection of 
contrast material showing contrast enhancement in region of straight 
sinus. 


ably represents contrast-containing blood in a partially 
thrombosed straight sinus. Contrast enhancement within 
normal or possibly hypervascular tentorial leaves might 
be an alternative explanation for this density or may 
contribute to it [9]. 

Angiographic evidence of thrombosis of the great vein 
of Galen and straight sinus in this case is virtually 
certain. While it is true that the straight sinus occasion- 
ally does not opacify, even when both carotid arteries 
are injected [10], Johanson [11] stated that the internal 
cerebral and great cerebral veins were always opacified 
on carotid angiography. In this patient, in whom venous 
sinus thrombosis was strongly suspected clinically, CT 
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demonstrated the site of thrombosis and avoided the 
need for further invasive diagnostic procedures. 
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Absence of Both Common Carotid Arteries 


LARRY K. ROBERTS! AND BARRY GERALD' 


Abnormalities in the development of the embryologic 
aortic arches with resultant anomalies of the aortic arch 
and its branches are not uncommon. Absence of a 
common carotid artery in which there are separate 
origins of the internal and external carotid arteries is 
rare. We describe bilateral absence of the common 
carotid arteries resulting in separate origins of both 
internal carotid arteries and both external carotid arter- 
ies. Although this branching pattern has been shown to 
be a developmental possibility [1], only one other re- 
ported case could be found 


Case Report 


A 21-year-old woman was seen in the emergency room 
stuporous with left hemiplegia. Cardiac catheterization on a 
previous admission had shown atrial and ventricular septal 
defects associated with tricuspid atresia. An emergency trans- 
femoral cerebral angiogram demonstrated occlusion of the 
right internal carotid in its supraclinoid portion. Under fluoro- 
scopic control, both internal carotid arteries and the left ex- 
ternal carotid artery were selectively catheterized and verified 
with test injections of contrast material. A common carotid 
artery was not identified on either side from the base of the skull 
to the aortic arch. Because of these anomalous findings, an 
aortogram (fig. 1) was performed. The first branch of the aorta 
gave rise to the right subclavian and right internal carotid 
arteries. The right external carotid, left external carotid, left 
internal carotid, and left subclavian arteries arose individually 
from the arch. The patient expired shortly after the aortogram 
apparently from a massive pulmonary embolus. Permission for 
autopsy was not obtained. 


Discussion 


McDonald and Ansen [2] described four common aor- 
tic arch branching patterns and 13 unusual patterns, 
including their relative incidences. Absence of a com- 
mon carotid artery was not included in this extensive 
review. Examples of unilateral absence of the common 
carotid artery [3] have been described. However, the only 
other patient with bilateral absence of the common 
carotid artery was described in 1784 by Malacarne (cited 
in [4]). In that case, the anomaly was associated with a 
double aortic arch. 

The six aortic arches [3, 4] connect the paired dorsal 
and single ventral aortae in the embryo (fig. 2). The 
internal carotid artery arises from the dorsal aortic root, 
progressively elongating as the first and second arches 
involute. The external carotid artery originates as a 
projection from the ventral aortic root at the level of the 
third aortic arch. Normally, the common carotid artery is 
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formed from the root of the ventral aorta between the 
third and fourth arches. The third aortic arch persists as 
the proximal portion of the internal carotid artery. The 
ductus caroticus is the portion of the dorsal aorta be- 
tween the third and fourth arches and normally involutes. 

Two mechanisms [2] have been proposed for absence 
of the common carotid artery. The first is that both third 
arches persist and both fourth arches involute, leading 
to separate origins of the internal and external carotid 
arteries and a high cervical aortic arch. Such an arch 
was not present in our patient. 

The second mechanism, thought present in our pa- 
tient, is obliteration of the third aortic arch. This, asso- 
ciated with persistence of the ductus caroticus, would 
lead to separate origins of the internal and external 
carotid arteries. In our case this rare anomaly occurred 
bilaterally. 





Fig. 1. —Aortogram showing right subclavian (RS) and right internal 
carotid (RI) arteries originating from single trunk. Right external (RE), 
left external (LE), and left internal (LI) carotid arteries arise consecutively 
from aorta; left subclavian artery (LS) is last branch. 
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Fig. 2.—Diagram showing development of carotid 
arteries in 4 mm embryo. External carotid arteries 
arise from ventral aorta (VA) and internal carotid 
arteries from dorsal aortae (DA). Normally, obliteration 
of ductus caroticus (DC) leads to formation of common 
carotid artery. Obliteration of third arch and persist- 
ence of ductus caroticus produces separate origins of 
internal and external carotid arteries (absence of com- 
mon carotid artery). (Adapted from [1]) 
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Contrast Echocardiographic Findings in an Infant with Right Coronary Artery to Right 
Ventricular Fistula 


JOEL I. BRENNER"? AND DOROTHY G. TOMPKINS' 


The microcavitation effect produced by the injection of 
saline, blood, or green dye into the vascular system 
during echocardiographic examination has been used to 
aid in the definition of intracardiac structures, to detect 
valvular regurgitation, and to identify and localize intra- 
pulmonary and intracardiac shunting. Contrast echocar- 
diography provides a sensitive technique for shunt de- 
tection and localization which, when used during cardiac 
catheterization, may avert the need for multiple angio- 
grams or aid in their selection. We describe the clinical, 
echocardiographic, and angiographic findings in an in- 
fant with a right coronary artery fistula where contrast 
echocardiography localized the shunt to the right ventri- 
cle. 


Case Report 


E. H. (no. 78-37-31) was the 3.5 kg product of an uncompli- 
cated pregnancy and delivery. Hospitalization was required at 
age 3 weeks for culture-negative pneumonitis. While hospital- 
ized, a grade II/VI continuous murmur was heard. Growth and 
development proceeded normally, but referral to the University 
of Virginia Medical Center was made at age 7 months for 
cardiac evaluation. Physical examination revealed a well devel- 
oped, acyanotic infant in no distress. Weight was 5.9 kg (less 


than third percentile); height, 66 cm (40th percentile); blood 
pressure in the right upper extremity, 80/35; pulse, 120/min; 
and respiratory rate, 26/min. The first and second heart sounds 
were normal. No ejection sound was heard. A grade III/VI 
continuous murmur with diastolic accentuation was heard max- 
imally at the lower left sternal border. The lungs were clear, and 
there was no hepatosplenomegaly. Peripheral pulses were 
prominent. 

The electrocardiogram revealed biventricular hypertrophy 
and left atrial enlargement. Chest x-ray demonstrated cardio- 
megaly and moderate increase in pulmonary blood flow with left 
atrial enlargement (fig. 1). Normal septal motion was noted on 
echocardiography (fig. 2). Left ventricular dimensions and wall 
thickness were all increased. The aortic root was slightly di- 
lated, with marked left atrial dilatation (table 1). 

Cardiac catheterization demonstrated a stepup in oxygen 
saturation at the right ventricular level (table 2). Contrast echo- 
cardiography was performed by injecting 3 ml of 0.25 N saline 
into the aortic root with ultrasonic visualization of the right 
ventricular outflow tract (fig. 3A). Following injection into the 
ascending aorta, microcavitations were noted in the aorta and 
instantaneously in the right ventricular outflow tract. With the 
catheter advanced into the right sinus of Valsalva and injection 
in diastole, microcavitations were seen only in the right ventric- 
ular outflow tract (fig. 3B). Subsequent biplane aortography 
confirmed a large fistulous communication between the right 
coronary artery and the right ventricle (fig. 4). 





Fig. 1.—Posteroanterior (A) and lateral (B) chest films demonstrating moderate cardiomegaly (cardiac: thoracic ratio, 5795). Note 
prominent pulmonary vasculature and left atrial enlargement (B). 
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Fig. 2.— Ultrasonic beam directed inferior to mitral 
valve demonstrating normal septal-posterior left ven- 
tricular wall motion (LVPW), normal right ventricular 
dimensions (RV),and increased left ventricular dimen- 
sions (LV). Note end-systole (arrowheads) and end- 
diastole (arrows). IVS = interventricular septum. 


Discussion 


Contrast echocardiography was initially used by Gra- 
miak et al. [2] and Feigenbaum et al. [3] to aid in chamber 
localization and endocardial definition. The technique 
has been expanded for use prior to cardiac catheteriza- 
tion to localize intracardiac shunts, as well as to recog- 
nize residual shunts [4-9] in the postoperative cardiac 
patient. 

The cloud of echoes produced in the vascular system 
varies with the velocity and type of injection. Explana- 
tions for this effect include the presence of microbubbles 
in the injectate, turbulence produced by injection 
through a catheter, and thermal and fluid accoustic 
impedance differences in the solutions used. 

The echo cloud is eliminated by passage of the injec- 
tate through a capillary bed. Thus a venous injection 
should not appear in the left atrium, left ventricle, or 
aorta if it passes through the lungs. Likewise, injection 
into the aorta should produce no microcavitations in 
right heart structures following passage through the 
coronary or systemic capillary beds. Indocyanine green 
dye produces the most dense contrast effect. When 
limitation of volume is essential, as in an infant, in either 
the postinfarction or the postoperative periods, the rapid 
reinfusion of the patient’s blood is adequate for produc- 
tion of microcavitation. s 

The sensitivity of contrast echocardiography to detect 
intracardiac shunting compares favorably with the two 
common methods of shunt detection: oximetry and 
green dye indicator dilution curves. Standard oximetry, 
used during cardiac catheterization, requires a shunt of 
25% of pulmonary blood flow or greater for accurate 
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TABLE 1 
Echocardiographic Data 


. Patient Predicted 
"he (mm) (mm) [1] 
AGNE FOOL aou abso n Rack d 15 12-14 
Latt atrium bike ke wdoharee bte vs 26 16-18 
Left ventricle: 
Diastolic dimension ........ 30 26-29 
Systolic dimension ......... 21 16-18 
Posterior wall.............. 7 4-5 
TABLE 2 
Cardiac Catheterization Data 
O, 
Site fied: Saturation 
(%) 
Superior vena cava ..... Po 67 
Inferior vena cava ....... AC 65 
HiGht atrium 1i. soos a7, v6, m5 64 
Right ventricle .......... 30/7 71 
Main pulmonary artery .. 28/12, m = 19 76 
Left ventricle ........... 90/6 94 
Descending aorta ....... 100/38, m = 62 94 


detection, while right-to-left shunts of as small as 3%- 
596 of systemic blood flow can be noted by oximetry. 
Indicator-dilution curves, using central venous injection 
of green dye with peripheral arterial sampling, will show 
distortion of the disappearance of the slope of the curve 
when left-to-right shunts exceed 25% of pulmonary 
blood flow. Central injection into the heart will improve 
shunt detection to the order of 3%-5%. 

Contrast echocardiography is more sensitive than both 
oximetry and peripheral indicator-dilution curves, and 
compares favorably with central indicator-dilution 
curves. The major benefit is that anatomic localization of 
the shunt is possible during ultrasonic visualization of 
cardiac chambers. The other advantages of contrast 
echocardiography over the green dye withdrawal method 
for shunt detection are the ease of performance, greater 
safety in a sterile procedure, and absence of blood loss. 
The disadvantage remains the lack of ability to quantitate 
the degree of shunting or valvular regurgitation noted, 
both because of variations in microcavitation effect as 
well as alterations in gain and reject settings on the 
ultrasonoscope required to optimally record the cloud of 
echoes. This inability to quantitate intracardiac shunting 
is also found with the use of the hydrogen inhalation 
technique. 

Using single crystal echocardiography, multiple injec- 
tions are required at standard transducer positions to 
localize the site of shunting. In the case described, 
visualization of the left atrium, left ventricle, and right 
atrium revealed no microcavitations following aortic in- 
jection. The shunt was localized to the right ventricle, 
the most common site of termination of coronary fistu- 
las. 
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Fig. 4.—Lateral projection of ascending aortic biplane angiogram 
demonstrating opacification of a large coronary artery (arrows) coursing 
anteriorly and terminating via a fistulous communication in body of right 
ventricle. 





Real-time echocardiography should eliminate this rep- 
etition and aid in defect localization. By permitting si- 
multaneous ultrasonic visualization of all cardiac cham- 
bers in the cross-sectional scan, flow pathways can be 
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sualization of right ventricular outflow 
tract (RVOT), aorta (AO), and left 
AO 1 atrium (LA). Microcavitations appear 

simultaneously in aorta and right ven- 
tricular outflow tract following saline 
injection into aortic root (AO, arrow- 
head). B, Repeat saline injection with 
aortic catheter advanced into orifice 
of right coronary artery (RCA). Micro- 
cavitations appear only in right ven- 
tricular outflow tract. 


more readily defined and the volume of injectate re- 
duced. 
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Demonstration of Spondylolysis by Arthrography of the Apophyseal Joint 


BERNARD GHELMAN' AND JOHN H. DOHERTY' 


Spondylolysis is a defect in the bony portion of the 
posterior neural arch of a vertebra [1]. It occurs in the 
pars interarticularis between the superior and inferior 
articular facets and, if bilateral, separates the vertebral 
body from its posterior fixation. Such breaks may cause 
a spondylolisthesis, a forward slipping of the affected 
vertebral body over the one below. 

Some investigators believe that spondylolysis is a 
congenital defect, citing a higher incidence in Eskimos 
[2] and other ethnic groups. However, most now believe 
the defect to be a traumatic fracture [3]. The occurrence 
of spondylolysis with acute and other types of trauma 
[4], and as a result of a stress fracture [5] advancing to 
complete fracture, has been documented in numerous 
articles [3]. It has been theorized that a genetic predis- 
position to fracture exists in some persons [6]. Although 
healing of the pars interarticularis defect (fracture spon- 
dylolysis) has occasionally been reported [7, 8], it ap- 
pears to be quite uncommon, perhaps because immobi- 
lization of the spine and/or surgical fixation is difficult 
and, in most cases, not warranted. Despite the plethora 
of reports on spondylolysis, few details of the soft tissues 
surrounding the bony defects are known. In our patient 
a capsule continuous with that of the apophyseal joint 
may be present. 


Fig. 1.—A, Arthrogram of L4-L5 
apophyseal joint showing communi- 
cation of joint space with linear 
space anteroinferior to right pars 
interarticularis. Needle is above su- 
perior articular facet of L5. Note 
joint space (arrowheads), contrast 
surrounding inferior articular face to 
L4 (arrow), and contrast inferior to 
apophyseal joint (double arrow) in 
area of spondylolysis. B, Lateral to- 
mogram showing area of spondylo- 
lysis (arrow). 
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Case Report 


A 47-year-old white female developed low back pain following 
a car accident 3'/2 years before this admission. At the time of 
the accident, she described an injury to the cervical and lumbar 
spine. Radiographs were reported negative. The cervical symp- 
toms eventually subsided, but the lumbar complaints persisted 
and became more severe. Two years after the accident, radio- 
graphs demonstrated narrowing of the L4-L5 disc space and 
narrowing of the apophyseal joints of the lower lumbar spine. 

The patient was admitted for further study 1'/2 years later. A 
trial of local anesthesia of the right lower lumbar apophyseal 
joints was undertaken. Before injecting the anesthetic, an 
injection of contrast agent into the right L4-L5 apophyseal joint 
opacified the joint space and sharply defined a linear space 
anteroinferior to the joint where the right pars interarticularis is 
located (fig. 1A). The opacification of the linear space occurred 
immediately on injection of the apophyseal joint, excluding the 
possibility of extraarticular extravasation due to an excessive 
amount of contrast agent. This arthrogram suggested a spon- 
dylolysis that was supported by subsequent tomograms (fig. 
1B). The patient underwent laminectomy and posterior spinal 
fusion. The defect in the pars interarticularis was confirmed, 
but details of the soft tissue structures near the spondylolysis 
were not mentioned in the surgical note. No biopsies of those 
tissues were taken. 
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Fig. 2. — Arthrogram of normal apophyseal joint. Needle 
was placed close to top of superior articular facet of 
vertebra below. Note inferior articular facet of upper verte- 
bra (arrow). 


Technique of Apophyseal Injection 


The injection is performed with the patient in an anteroob- 
lique position after the articular facet joint is identified fluoro- 
scopically. Using a 196 lidocaine skin and subcutaneous anes- 
thesia, a 22 gauge disposable spinal needle is advanced until 
the tip is viewed within the joint compartment. A small amount 
of water soluble positive contrast agent (1-2 ml) is injected to 
determine the position of the needle tip. This arthrogram of the 
joint shows the opacified normal joint space as an elongated 
inverted S shape (fig. 2). The contrast agent usually outlines the 
round surfaces of the superior articulating facet of the vertebra 
below and of the inferior articulating facet of the vertebra 
above. Local anesthetic is injected into the joint space at the 
end of the procedure. 


Discussion 


The opacification of a spondylolysis was produced by 
injecting contrast agent into the apophyseal joint. This 
strongly suggests that an extension of the capsule of the 
apophyseal joint included the defect of the pars interar- 
ticularis. The presence of such a capsular extension may 
explain why union of a fracture of the pars interarticularis 
is relatively rare. Unfortunately no specific surgical or 
histologic findings were available to support the radio- 
logic findings. 

Nathan [9] described a "typical" type of spondylolysis 
as a cleft situated clearly between the downward project- 
ing inferior articular process of the vertebra above and 





the upward projecting superior articular process of the 
vertebra below. The cleft has been described in the many 
cases as an irregular and elongated gap. As seen in the 
oblique radiograph (fig. 1A), the area of spondylolysis is 
most probably elongated by its position in relation to the 
x-ray beam. Most reports [10, 11] describe the defect of 
the pars as filled with a fibrocartilaginous mass. 

Although one of the surgical procedures for spondy- 
lolysis is to excise the loose portion [10] of the posterior 
neural arch, the soft tissue structures at the defect have 
apparently not been studied in detail. Because these 
structures are situated deep in the body, it may be 
difficult, if not impossible, to confirm the continuity of a 
presumed capsule at surgery. 

Apophyseal joint injections of local anesthetic and 
steroids can be useful in the management of patients 
with low back pain. Some pain relief is usually achieved, 
at times, immediately and dramatically. The relief is 
usually temporary, lasting from a few weeks to several 
months. One series [12] of apophyseal joint injections 
for control of low back pain does not describe any 
instance in which arthrography of the joint demonstrated 
a defect in the pars interarticularis. In our case, the 
injection of anesthetic within the L4-L5 apophyseal joint 
resulted only in minimal pain relief which lasted for a few 
days. We have performed 20 of these arthrograms, and 
in no other case were we able to demonstrate spondylo- 
lysis either with arthrography of the apophyseal joint or 
with plain radiographs or tomograms. 
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Dysosteosclerosis 


C. STUART HOUSTON,’ JOHN W. GERRARD,? AND ELIZABETH J. IVES? 


Dysosteosclerosis is a rare, presumably autosomal re- 
cessive bone dysplasia with thickening and sclerosis of 
the base of the skull, often impinging on the optic canals 
and causing blindness. The ribs and vertebral bodies are 
dense as in osteopetrosis. The metaphyses of the long 
bones are widened with a thin cortex as in metaphyseal 
dysplasia, but in early childhood there is a transverse 
band of metaphyseal density. The flattening of the verte- 
bral bodies is a distinctive finding, not seen in osteope- 
trosis or in metaphyseal dysplasia. There is dental hypo- 
plasia, and the permanent teeth fail to erupt. Cutaneous 
and neurologic manifestations are inconsistent. 

This paper presents the longest follow-up of the pro- 
gression of this unique bone dysplasia, and is the first 
report in an English-language radiologic journal. Our 
patient had been a diagnostic enigma for 15 years. 


Case Report 


The patient was first seen at University Hospital in February 
1962 at age 15 months. He was blind, with a wandering nystag- 
mus, and had a right inguinal hernia. Birth weight was 2,650 g 
after a 38 week gestation. He first held his head up at 5 months, 
sat by himself at 6 months, and walked at 15 months. His first 
tooth erupted at 9 months. At 15 months he was not yet talking. 





Because of an unusual skeletal disorder, he was studied at 
regular intervals. 

At his last visit in 1976 he was 15 years old and was attending 
a school for the blind. The wandering nystagmus persisted and 
he had bilateral optic atrophy. He was 129.6 cm tall, but 
normally proportioned; weight was 27.8 kg, appropriate for his 
height. Head circumference of 58 cm was normal for his age. 
Hearing, speech, and intelligence were normal. Sexually, he 
was still infantile; testes measured 3.0 x 1.5 cm, and he had no 
pubic, axillary, or facial hair. 

The facial appearance was unusual, with a narrow midface, a 
narrow beaklike nose, and marked micrognathia. He drooled 
constantly. Only five primary incisors (three upper and two 
lower) had ever erupted; the upper incisors had worn down to 
the gum margin, and the lower incisors had been removed 
when a full set of dentures had been supplied. No permanent 
teeth had erupted. 

He had a pigeon chest with a pronounced Harrison's sulcus. 
He also had a moderate degree of knock knee, causing a 
somewhat abnormal gait. Totally blind, he was naturally cau- 
tious and had only once fractured a bone, his right second 
metacarpal. 

The patient was a product of a consanguineous mating; his 
father and mother were siblings of German Mennonite extrac- 
tion. In addition, their paternal grandfather and maternal grand- 
mother were second cousins. His mother was tall, large-boned, 
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Fig. 1.— Chest and spine. A, At 20 months sternum is short and thick. Thoracic vertebral bodies are slightly flattened, with anterior breaking of upper 
lumbar bodies. B, At 3'/2 years clavicles are short and ribs are dense but relatively short and thick. C, At 15 years thoracic bodies are more flattened and 


more irregular in density. All bodies are concave anteriorly. 
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Fig. 2.—Skull. A, At 5'/2 years base of skull is abnormally dense with 
sclerotic mastoids and no pneumatization of paranasal sinuses. B, At 15 
years hypertrophied bone narrows optic canal. 


and mentally retarded; she was 19 years old and the father 17 
when he was born. 


Clinical and Laboratory Findings 


Serum calcium and phosphorus levels have always been 
normal. When the patient was first seen, serum alkaline phos- 
phatase was high, greater than 100 Bodansky units; it became 
normal within 1 month and has remained so. Serum electro- 
lytes, urinary amino acids, heavy metals in the urine, routine 
hematologic investigation, and blood Wasserman reaction all 
were normal. 

On two occasions the patient was given parathormone 50 IU/ 
day intramuscularly without increase in serum calcium, de- 
crease in the serum phosphorus, or increase in urinary phos- 
phate. The same preparation given to a normal child produced 
the expected change in the serum and urinary calcium and 
phosphorus. Thus the patient was considered unresponsive to 
it. 

Serum calcitonin and parathormone levels at 11 years of age 
were less than 0.10 ng/ml (normal, less than 0.10-0.38) and less 
than 0.15 ng/ml (normal, less than 0.15-0.6), respectively. The 
lowest measurable levels of calcitonin and parathormone are 
0.1 and 0.15 ng/ml, respectively. Since approximately 5096 of 
normal subjects have unmeasurable levels of calcitonin and 
35% have unmeasurable levels of parathormone, the patient's 





with dense metaphyseal bands. B, At 5'/2 years note irregular densities 





Fig. 3.—Lower extremity. A, At 20 months metaphyses are widened 


and lack of modeling. C, At 15 years distal femur shows more advanced 
Erlenmeyer flask configuration with thin cortex. 


> iz 
Fig. 4.— Upper extremity at 20 months, 5!/; years, and 15 years. Note 
sequence similar to that in fig. 3. 


levels may have been normal. Growth hormone levels were also 
measured at age 11 years. After an infusion of arginine (0.5 g/ 
kg over 30 min), levels rose from less than 1.0 ng/ml to a 
maximum of 3.0 ng/ml and fell to less than 1.0 ng/ml. These 
levels are found in hypopituitary dwarfs. 

Chromosome analysis showed a normal karyotype. Serum 
calcium, phosphorus, and alkaline phosphatase in parents and 
close relatives were well within the normal range. 
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An iliac crest biopsy at 20 months showed less regular 
columnization of growth cartilage than normal, with eosino- 
philic osteoid adjacent to osteocytes. The unresorbed cartilage 
and immature osteoid were heavily mineralized. In a biopsy of 
calcified cartilage from the tibia and a biopsy of the ninth right 
rib at 15 months of age, there was no evidence of replacement 
of calcified cartilage by osteoid or bone. 


Radiologic Findings 


Chest, ribs, spine. In the lateral view, the ribs appeared short 
but thick and wide, and the sternum was somewhat short and 
thick (fig. 1A). The ribs were abnormally dense (fig. 1B). Each 
clavicle was rather short with relative expansion medially. The 
thoracic vertebral bodies were slightly flattened at 20 months of 
age, with slight beaking of the upper lumbar bodies. At 15 
years, the thoracic vertebral bodies were even more flattened 
and quite irregular in density, but concave anteriorly (fig. 1C). 

Skull. At all ages, the base of the skull was abnormally dense, 
with dense, sclerotic mastoids and failure of pneumatization of 
all paranasal sinuses (fig. 2A). With growth, further flattening of 
the mandibular angle occurred. Optic canal views at 15 years 
showed bony thickening around the extremely narrow optic 
canal (fig. 2B). Unerupted teeth were present at all ages. 

Extremities. At 20 months, dense, wide metaphyseal bands 
were seen across the widened metaphyses of the distal femur 
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Fig. 5. andi: A, At 3 years tubular bones show similar but less 
severe abnormalities of modeling. B, At 15 years terminal tufts are 
relatively sclerotic. 








and at both ends of the tibia (fig. 3). Epiphyses at the knee 
showed a peripheral ring density surrounding more lucent 
centers. At 5 years of age, bands of metaphyseal density were 
interspersed with areas of rarefaction. By 9 and 15 years, the 
entire Erlenmeyer flask configuration of the widened distal 
femur had become relatively radiolucent, with a very thin cortex 
but still with a rather dense zone of provisional calcification. 

A similar though slighly less pronounced evolution took place 
in the upper limbs, with development of a relatively radiolucent, 
expanded, thinly corticated widening of the upper half of each 
humeral diaphysis, with relative sclerosis at the waistlike nar- 
rowing in the distal shaft (fig. 4). 

The distal radius and ulna, as well as the metacarpals and 
phalanges, showed a similar lack of normal modeling. Acces- 
sory epiohyses, or "pseudoepiphyses" were present in the 
hands and feet, and the terminal tufts of the phalanges became 
dense at 15 years. Maturation has been appreciably retarded, 
with a bone age of 32 months at age 40 months and a bone age 
of less than 12 years at age 15'/» years (fig. 5). There was 
resorption of the distal tufts of the toe phalanges. 

At 20 months the sacrosciatic notch was somewhat angular 
and a rim of increased density was seen along the iliac crests 
(fig. 6A). By 15 years a more definite X-shaped area of sclerosis 
was centered at the waist of the ilium (fig. 6B). 


Discussion 


Initially the very dense club-shaped metaphyses, to- 
gether with sclerosis of the bones at the base of the 
skull, obliterated paranasal sinuses, and delayed denti- 
tion, seemed consistent with osteopetrosis; however, the 
diaphyses and epiphyses were much more radiolucent 
than expected for such a diagnosis. The degree of 
metaphyseal flaring excluded Engelmann's disease and 
hyperphosphatasia congenita. With time, as the meta- 
physeal widening extended further up the shaft and as 
the metaphyseal bone became less dense, the sclerosis 
of the base of the skull, the obliterated paranasal si- 
nuses, and club-shaped metaphyses seemed more con- 
sistent with craniometaphyseal dysplasia. However, nei- 
ther the hyperostotic widening of the mandible nor the 
hypertelorism expected in craniometaphyseal dysplasia 
was present. Also, the bands of metaphyseal density in 
the long bones were inconsistent with such a diagnosis. 
The flattened vertebral bodies did not fit with either 
osteopetrosis or craniometaphyseal dysplasia. The nor- 
mal blood picture, lack of fractures, osteopenic epiphy- 
seal centers, and degree of cortical thinning in the 


Fig. 6.—Pelvis. A, At 20 months 
dense rim is seen along iliac crest. B, 
At 15 years there is X-shaped area of 
sclerosis in each lower ilium and 
widened metaphyses of upper femurs. 
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expanded metaphyses were inconsistent with osteope- 
trosis of this severity. 

When Spranger et al. [1] described a similar patient, a 
boy of 12, the diagnosis of dysosteosclerosis became 
obvious. The wide metaphyseal flare of the long bones 
with radiolucency and cortical thinning proximal to 
dense and irregular metaphyseal areas, flattened verte- 
bral bodies, dense ribs, and delayed eruption of decidu- 
ous teeth fit the description of the entity by Spranger et 
al. [2] and the report on the teeth by Utz [3]. However, 
Spranger's patient had sustained multiple fractures. 

To our knowledge, this is the eighth case of this 
unique condition to be described. Ellis [4] in 1934 re- 
ported two brothers, aged 1.5 and 2.5 years, whose 
parents were second cousins. These boys were studied 
4 years later by Field [5]. In 1941, Stehr [6] described two 
brothers, ages 8 and 12 years, who were blind, fell down 
often, and had multiple fractures at the same level 
involving both bones of one forearm or of one lower leg. 
Stehr called these "banana fractures." A 13-year-old girl 
described by Roy et al. [7] had similar radiographic 
findings but also had abnormalities of her skin and 
nervous system. The 6-year-old boy reported by Leisti et 
al. [8] showed a striking similarity in radiologic and 
dental appearances to our patient. Kaitila and Rimoin [9] 
described the histology of this patient in greater detail. 
Although reported cases include only one female, the 
occurrence of this condition in siblings, the presence of 
consanguinity in three of six families, and the unaffected 
parents all strongly support autosomal recessive inherit- 
ance as suggested by Spranger et al. [1, 2]. 

Our patient demonstrated over more than 13 years the 
unique sequence of change in the widened metaphyses, 
whereby dense bone gradually became radiolucent with 
a thin cortex. The reason for this is not clear, although 
Studies of our patient on two occasions indicated a 
paucity of osteoclasts in bone and unresponsiveness to 
parathormone. Optic atrophy, present in seven of the 
eight reported patients, is obviously due to dense bone 
impinging on the optic canals. Abnormal bone in the 
jaws is thought to restrict eruption of teeth. With a sella 


of adequate size, and with normal adrenal and thyroid 
function, it is less certain whether sclerosis of the base 
of the vault is in any way related to the selective anterior 
pituitary insufficiency demonstrated in our patient. 

Dysosteosclerosis must be considered when a dyspla- 
sia is encountered which has some features of osteope- 
trosis and some of craniometaphyseal dysplasia, first 
resembling the one and then the other, but which has in 
addition flattened vertebral bodies. Although rare, dys- 
osteosclerosis is one of the most distinctive bone dys- 
plasias and, when familiar to the observer, one of the 
easiest to diagnose. 
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Hypertrophic Osteoarthropathy in Childhood Malignancy 


MORAD R. AMERI,! MARDAWIG ALEBOUYEH,' AND MARTIN W. DONNER? 


Hypertrophic osteoarthropathy in childhood is an infre- 
quent occurrence. Clinical features include clubbing of 
the fingers and toes, arthritis, chronic periostitis of the 
long bones, and manifestations of the primary disorder. 
The abnormality has been associated with congenital 
heart disease, bronchiectasis, pneumonia [1], and cystic 
fibrosis [2]. On the other hand, the association with 
malignancies [3] has rarely been pointed out. This report 
describes a case of undifferentiated epithelial cell carci- 
noma of the nasopharynx with neck and lung metastasis. 


Case Report 


L. A., an 11-year-old boy, was admitted to the Reza Pahlavi 
Medical Center with a 5 month history of swelling and pain in 
the ankles, knees, and distal finger joints and toes. Some lymph 
node enlargement of the left side of the neck had been noticed 
10 months before admission. Currently there was painful dys- 
phagia and dyspnea during exercise. 

Physical examination revealed a poor general condition, with 
two painful 2.5 x 2.5 cm lymph nodes on the right side of the 
neck adherent to the underlying tissue. At the right mandibular 
angle a 3 x 2 cm mass was palpable. It was hard and protruding 
from the posterior nasal region into the epipharynx. The ankles 
were swollen and painful. Clubbing of the fingers and toes was 
also present. Laboratory studies showed hemoglobin, 11.4 g/ 
100 ml; increased white cell count with shift to the left; and 
erythrocyte sedimentation rate, 114 mm/hr. Bone marrow and 
pleural fluid specimens were negative for tumor cells. Histologic 
examination of the primary tumor and the cervical lymph nodes 
demonstrated tissue infiltration by undifferentiated cells of 
epithelial origin. 

Chest radiographs revealed mediastinal and paratracheal 
adenopathy in addition to increased density of the lower left 
lung with significant pleural effusion (fig. 1). On bone survey 
(fig. 2), periosteal reaction was seen along the bones of both 
legs, both forearms, and clubbing of both hands. Based on 
these findings, the diagnosis of undifferentiated epithelial cell 
carcinoma of the nasopharynx with metastases to the neck and 
lung was established; the patient underwent a series of radiation 
treatments and chemotherapy. 


Discussion 


Hypertrophic osteoarthropathy in children is infre- 
quently observed [1]. The skeletal changes are more pro- 
nounced in the long tubular bones and are usually 
symmetric. Other bones may also be affected. Osteo- 
penia may be seen in more advanced cases. The associ- 
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ation of hypertrophic osteoarthropathy in childhood ma- 
lignancies is rare and has been reported only in a few 
cases of Hodgkin's disease [3] and other lymphomas. As 
demonstrated by this patient it may also occur with 
undifferentiated epithelial cell carcinoma of the naso- 
pharynx with metastases to the lung and to the neck. 
Hence, malignancy should be included in the differential 
diagnosis of hypertrophic osteoarthropathy in child- 
hood. 
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Fig. 1.— Chest radiograph showing mediastinal and paratracheal ade- 
nopathy, increased lung density, and pleural effusion at left base. 
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Fig. 2. —Periosteal bone reaction along proximal femur (A), humerus, radius, and ulna (B), and distal femur and 
fibula (C). D, Clubbing of fingers. 
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Congenital Tuberculosis 


S. M. POLANSKY,' A. FRANK? R. C. ABLOW ? AND E. L. EFFMANN*?'* 


Congenital tuberculosis, a rare though well recognized 
pediatric condition [1], has been given little attention in 
the radiologic literature. The diagnosis can be confirmed 
only if both the tuberculous nature of the lesion and the 
antenatal origin of the infection can be proved [2]. Most 
of the reported cases were described in the prechemoth- 
erapy era [3] and were of interest to the pathologist 
rather than the clinician. Although mortality is high [4- 
6], this is a curable disease [7-13]. A successfully treated 
case is described, including symptoms, radiographic 
findings, diagnosis, and chemotherapy. This report doc- 
uments the earliest radiographs obtained in an infant 
with congenital tuberculosis. 


Case Report 


The baby's mother, a 25-year-old gravida 5 para 4, had a 
positive maternal history for tuberculosis. She presented with 
complaints of cough and chest pain 2'/2 years prior to delivery. 
Chest radiographs demonstrated calcified right paratracheal 
and hilar adenopathy; there was also an infiltrate in the pos- 
terior segment of the right upper lobe. Sputum smears and cul- 
tures were positive for M. tuberculosis. She was treated for 6 
months with isoniazid and ethambutol, after which time she was 
lost to follow-up. Four months before the reported delivery, she 
was hospitalized for recurrent chest pain. In addition to the pre- 
viously noted radiographic abnormalities, there was now a small 
right pleural effusion. Sputum and fluid obtained at thoracente- 
sis were positive for acid-fast bacteria on smear and M. tuber- 
culosis on culture. Therapy was not started initially, and she 
did not return for follow-up visits. She therefore received no 
antituberculous therapy during pregnancy and only reappeared 
for medical attention when in labor. After the delivery, she con- 
sented to treatment for pulmonary tuberculosis, although she 
denied symptomatology. 

The 2,180 g male infant was born in a normal spontaneous 
delivery after an obstetrically uneventful pregnancy. The infant's 
Apgar scores were 3 and 7 at 1 and 5 min, respectively. The 
child was immediately isolated from the mother. The placenta 
appeared grossly normal to the obstetrical nurse but was not 
saved for pathologic examination. 

Physical examination in the Newborn Special Care Unit 
shortly after birth revealed abdominal distention, a liver palpa- 
ble 4 cm below the right costal margin, and a spleen palpable 2 
cm below the left costal margin. A fluid wave was detected in 
the abdomen. Estimated gestational age was 36 weeks. The 
hematocrit was 5196 with 78 nucleated red blood cells/100 white 
blood cells. The reticulocyte count was 2.6%. White blood cell 
count 7,900/mm? with 5296 polymorphonuclear cells, 20976 
bands, 2196 lymphocytes, and 7% monocytes. The infant was 


thrombocytopenic. Laboratory findings included prothrombin 
e 
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time, 20.7 sec (control, 12.2 sec); total and direct bilirubin, 4.7 
mg/dl and 2.2 mg/dl, respectively; LDH, 708 units; SGOT, 320 
units; alkaline phosphatase, 177 units/dl; total protein, 5.6 g; 
and albumin, 3.1 g. Urinalysis was normal. 

The chest radiograph obtained at several hours of life re- 
vealed diffuse interstitial disease with an area of confluence in 
the right perihilar region. Pleural thickening was seen which 
cleared the following day. The interstitial process became more 
severe over the next several days (fig. 1A). Abdominal radiogra- 
phy showed moderate hepatosplenomegaly and ascites. 

The abnormal physical, radiographic, and hematologic find- 
ings in addition to a maternal history of active tuberculosis 
prompted a workup for congenital infection. This included 
radiographs of long bones and skull, ophthalmologic examina- 
tion, viral cultures, and serology for viruses, toxoplasmosis, and 
syphilis; all proved negative. Specimens for rubella serology, 
however, were inadequate. Lumbar puncture yielded fluid with 
protein, 50 mg/100 ml; glucose, 43 mg/100 ml (blood glucose, 
70 mg/100 ml); 11 red blood cells; and no white blood cells. Tu- 
berculin skin test was negative, but three successive gastric 
aspirates revealed increasing numbers of acid-fast bacteria. 
These specimens, as well as specimens of urine, spinal fluid, 
and bone marrow were submitted for culture before 72 hr of life. 
Subsequently all grew Mycobacterium tuberculosis sensitive 
to isoniazid, streptomycin, and para-aminosalicylic acid (PAS). 
At age 3 days, the baby was started on isoniazid 20 mg/kg orally 
per day in two doses and streptomycin 20 mg/kg intramuscularly 
per day in two doses. 

In the days following initiation of antituberculous therapy, the 
infant developed respiratory distress and decreased activity 
although he remained afebrile. He became jaundiced with a 
maximum bilirubin of 15.6 mg/100 ml (total) and 11.5 mg/100 
ml (direct) on day 7. Hemoglobin dropped from 17 to 10; white 
blood cell count remained low with large numbers of nucleated 
red blood cells and a shift to the left. Prothrombin and partial 
thromboplastin times were abnormal, and platelets dropped to a 
low of 6,200/mm? on day 7 with bleeding from needle punc- 
tures noted. 

Prednisone (2 mg/kg daily) was administered from days 6 to 
12. The infant was supported with abdominal paracentesis, 
albumin infusions, transfusions of red blood cells, and central 
venous pressure monitoring. After the second week of life 
clinical improvement with gradual diminution of hepatospleno- 
megaly and return of hematologic and liver function studies to 
normal ranges was evident. Chest radiographs began to show 
some clearing of the parenchymal densities after 3 weeks (fig. 
1B). Axillary and inguinal adenopathy appeared at 3 weeks of 
age but then gradually resolved. 

The baby was maintained on isoniazid (20-30 mg/kg daily) 
for the duration of the hospital stay. Streptomycin was given in 
high dose (up to 30 mg/kg daily) but then reduced when PAS 


' Department of Diagnostic Radiology, Yale University School of Medicine, New Haven, Connecticut 06510. Address reprint requests to S. M. 


Polansky. 


? Department of Pediatrics, Yale University School of Medicine, New Haven, Connecticut 06510. Present address: Department of Pediatrics and 
Microbiology and Immunology, Baylor College of Medicine, Houston, Texas 77030. 

3 Departments of Diagnostic Radiology and Pediatrics, Yale University School of Medicine, New Haven, Connecticut 06510. 

* Present address: Department of Radiology, Duke University School of Medicine, Durham, North Carolina 27710. 


Am J Roentgenol 130:994-996, May 1978 
€ 1978 American Roentgen Ray Society e 


994 0361-803X/78/0500 — 0994 $02.00 


CASE REPORTS 995 





Fig. 1.—A, Day 4. Diffuse reticular pattern consistent with interstitial 
process is evident. Note large confluent density right hilar region. B, 
Three weeks. Well defined large density in right hilum suggests adenop- 
athy. Lung changes show mild improvement. C, 6 months. Chest exami- 
nation is normal. 


was added at 7 weeks, and stopped at 9 weeks. The patient was 
discharged on isoniazid and PAS at 10 weeks of age, clinically 
well. Growth and development were satisfactory when last seen 
at 6 months. Chest radiographs at that time were normal (fig. 
1C). Two years of antituberculous treatment are planned. 


Discussion 


Congenital tuberculosis is rare in the United States 
today and was uncommon even before effective chemo- 
therapy was available [14]. It is generally not considered 
a diagnostic possibility in the absence of an overt clinical 
presentation. Three routes have been conjectured by 
which tubercle bacilli may be transmitted from an in- 
fected mother to her unborn child [14]: (1) hematoge- 
nous infection from an infected placenta; (2) ingestion 
by the fetus of infected amniotic fluid; or (3) aspiration 
by the fetus of infected amniotic fluid [3] either prior to 
or during delivery. In our case, independent of the initial 
mode of infection, hematogenous dissemination was 
apparent because of multisystem involvement. 

Symptoms related to congenital tuberculosis are non- 
specific, common to any infection in the newborn period. 
These infants may be born prematurely or may be of low 
birth weight [4, 9]. Clinically, there may be failure to 
thrive, fever, lymphadenopathy, and hepatosplenomeg- 
aly [1]. Chest auscultation often remains normal, even in 
the presence of progressive pulmonary involvement 
radiologically [12]. Episodic cyanosis is not uncommon 
[5]. Blood abnormalities suggest generalized infection. 

Radiographic findings will vary considerably with the 
route of infection and the time course of the disease 
[10]. The chest radiograph will be normal [9] if the lungs 
are unaffected or, conceivably, if it is very early after 
pulmonary involvement [6]. With hematogenous dissem- 
ination, the lung fields will show a miliary or interstitial 
pattern [15]. The infiltrates may become more coarse 
and confluent as this pattern progresses. The spectrum 
of radiographic changes with aspiration may range from 
patchy bronchopneumonia [12] to diffuse air space dis- 
ease with alveolar filling [4]. 

This report records the earliest obtained radiographs 
of an infant with congenital tuberculosis. The initial 
pleural thickening was attributed to delayed resorption 
of fluid, since it is unlikely that an infected pleural ef- 
fusion would clear before institution of therapy. The right 
perihilar density may have represented lymphadenop- 
athy, a frequently reported necropsy finding [15]. Ra- 
diographically, the main differential diagnoses for this 
case would include delayed resorption of fluid, distal 
venous obstruction including congestive heart failure, 
congenital lymphangiectasia, and congenital pneumo- 
nias of other etiologies. The lack of significant improve- 
ment within 24-48 hr excluded delayed resorption of 
fluid as the primary cause. Distal venous obstruction on 
a cardiac basis and congenital lymphangiectasia would 
be most unusual in association with a right hilar mass. 
The radiographic findings were consistent with hema- 
togenous dissemination to the lungs of other congenital 
infections. s 

Microscopic examination of the liver, spleen, and 
kidneys in autopsy cases commonly shows tuberculous 
lesions [15]. In our case, abdominal radiography re- 
vealed hepatosplenomegaly and ascites. In other cases, 
calcifications in the liver and spleen have been seen after 
institution of chemotherapy [9]. Evaluation of the skeletal 
system by radiography, bone marrow aspiration or bi- 
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opsy, and pathologic examination at necropsy has been 
performed infrequently. In one case periostitis of the 
humerous was noted [16]; however, culture evidence of 
skeletal tuberculosis was lacking. Radiographic abnor- 
malities of skeletal tuberculosis have not been reported 
with congenital infection. 

Diagnosis rests on careful history, a high index of 
clinical suspicion, and positive culture for M. tuberculo- 
sis. In the presence of pulmonary infection, smear and 
culture of gastric contents remain the standard diagnos- 
tic modality [8]. It is often difficult to prove the congenital 
nature of infection because of the frequent delay in 
presentation after birth and the possibility of postnatal 
exposures. Criteria promulgated by Beitzke [2] in 1935 
include demonstration of disease in the first days of life 
or evidence of a primary complex in the liver. In our case 
the child was immediately isolated from the mother at 
birth and had positive cultures from four organ systems 
within 3 days of delivery. 

The drug regimen selected for this baby was based on 
reports of previous cures since the appearance of isoni- 
azid [8-10, 13, 17]. Although a gratifying success was 
achieved with the isoniazid and streptomycin regimen in 
our case, failure has been reported due to an isoniazid- 
resistant organism [18]. Judging by mortality in cases 
when treatment was late [4, 18], early institution of 
chemotherapy appears important for success. 
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Cecal Perforation Associated with Gastrografin Enema 


STEVEN E. SELTZER' AND BRONWYN JONES' 


Gastrografin (Squibb) is a commonly used iodine-con- 
taining water soluble contrast agent. It is a mixture of 
66% meglumine diatrizoate and 10% sodium diatrizoate 
in a lemon-flavored aqueous solution to which detergent 
(Tween 80, 7.5 mg/ml) is added. It is extremely hyper- 
tonic and, as such, can attract fluid into closed spaces. 
We have observed an instance of perforation of the 
cecum in a patient with an obstructing sigmoid colonic 
lesion who received a Gastrografin enema. It is important 
to be aware of this potential complication of hypertonic 
contrast agents. 


Case Report 


E. M., a 40-year-old female, was hospitalized for placement 
of an arteriovenous shunt for hemodialysis. Progressive chronic 
renal failure (creatinine 14.5 mg/dl) and nephrotic syndrome 
secondary to focal proliferative glomerulonephritis had devel- 
oped over 13 years. Other problems included carcinoma of the 
cervix (grade 2B) treated with radium implant and external 
radiation therapy 7 years earlier, Hashimoto's thyroiditis, and 
peripheral vascular disease. The patient had been constipated 
for 10 days prior to admission and had been taking aluminum 
hydroxide (5.12 g/day) for many months. 

Physical examination was unremarkable. Aside from a phos- 
phate level of 4.8 mg/dl, all other electrolytes were normal. 
After arteriovenous shunt palcement, dialysis was instituted, 
but on the fourth hospital day, nausea, vomiting, and abdominal 
distention without tenderness or localized abdominal signs 
developed. Bowel sounds were hypoactive. Despite cathartic 
therapy, no improvement occurred. Abdominal radiographs 
showed distention of the colon proximal to the sigmoid region, 
suggesting mechanical obstruction (fig. 1). Colonoscopy was 
normal to 40 cm. A Gastrografin enema showed incomplete 
colonic obstruction by a fecal impaction at the junction of the 
descending and sigmoid colon with slight narrowing of the 
colon in this area. The cecum continued to be abnormally 
dilated (fig. 2A). A large amount of contrast material passed 
proximal to the obstruction and was retained on a postevacua- 
tion radiograph. 

The following day, an abdominal film showed progressive 
enlargement of the cecum which had become massively dilated. 
Gastrografin was still present throughout the colon (fig. 2B). 
Repeated attempts to disimpact the obstructing fecal mass 
failed. That afternoon, the patient experienced sudden onset of 
right lower quadrant burning, fever, and signs of peritonitis. 
Laparotomy revealed a perforated cecum, which was massively 
dilated but not otherwise abnormal, with soiling of the abdomi- 
nal cavity. There was an obstructing fecalith in the sigmoid. A 
cecostomy was performed and, after a protracted clinical 
course, the patient recovered. 
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Discussion 


Some water soluble contrast agents, particularly Gas- 
trografin, have a high osmolality (1,790 mosmol/liter) 
compared to plasma (up to 300 mosmol/liter). The hyper- 
tonicity of these agents accounts for many of their side 
effects [1, 2]. The pulmonary edema associated with 
Gastrografin aspiration is thought to have an osmotic 
basis, with fluid being drawn into the alveolar spaces. 

When Gastrografin is introduced into the bowel lumen. 
the osmotic forces similarly draw fluid from the plasma 
and interstitium. Harris et al. [3] confirmed this phenom- 
enon, dectecting a decrease in plasma volume of 15%- 
30% when Gastrografin was instilled into the gastrointes- 
tinal tract of dogs. Clinically, dehydration, hypotension, 
and cardiovascular collapse are known dangers of Gas- 





Fig. 1. Abdominal radiograph showing distention of colon proximal 
to sigmoid region. Formed stool is present in sigmoid and right side of 
colon. LI 
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Fig. 2. —A, Gastrografin enema showing partial colonic obstruction by fecal mass at rectosigmoid junction. Colon is dilated proximal to this point; 
cecum is abnormally large. Note large amount of contrast material proximal to obstruction. B, Abdominal radiograph 24 hr later showing progressive 


enlargement of cecum. Note retention of large amount of Gastrografin. 


trografin enema, especially in infants and elderly pa- 
tients. 

Such fluid attraction into a closed compartment, such 
as an obstructed colon, could be dangerous, leading to 
overdistention. Harris et al. [3] also created closed, 
isolated ileal loops as a model of mechanical intestinal 
obstruction. When Gastrografin was placed into these 
closed loops, progressive distention of bowel and even- 
tual vascular compromise resulted. We postulate that 
this mechanism was the pathogenesis of cecal perfora- 
tion in our patient. Large amounts of hypertonic material 
passed proximal to a ball valve-like obstructing sigmoid 
lesion and could not be expelled. Fluid was drawn into 
the bowel leading to progressive distention proximal to 
the obstruction. Eventually, vascular compromise and 
perforation occurred. The cecum, because of its large 
normal resting diameter and the law of Laplace, is the 
most distensible portion of the colon and most subject 
to diastatic rupture in the presence of distal obstruction 
[4]. 

Our case illustrates several important clinical points. It 
demonstrates a previously undescribed complication of 
Gastrografin use and emphasizes possible dangers of 
hypertonic contrast agents. It also rgemphasizes the im- 
portance of avoiding passage of large amounts of con- 
trast agents proximal to a high grade obstructing lesion 


in the colon. In such a situation, barium may inspissate 
proximal to the obstruction [5]. Thus it is important to 
carefully monitor an enema if an obstructing lesion is 
suspected and to guard scrupulously against overreflux 
of any contrast agent proximal to a colonic obstruction. 
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Neonatal Intramural Intestinal Calcifications Associated with Bowel Atresia 


MENUCHA AHARON,' URIEL KLEINHAUS,' AND CHAIM LICHTIG? 


Neonatal intraabdominal calcification has been reported 
in the radiologic literature [1-9]. It is usually caused by 
intraluminal or intraperitoneal meconium and is often 
associated with bowel obstruction by atresia or meco- 
nium ileus. This report describes a case of extensive 
intramural intestinal calcifications associated with mul- 
tiple bowel atresia. This type of calcification is rare, and 
its radiologic appearance has not yet been reported in 
detail. 


Case Report 


A full-term 2,700 g female infant was hospitalized 2 days after 
a normal delivery because of progressive abdominal distension 
and absence of meconium. Physical examination disclosed a 
distended and hard abdomen. The anus was patent, but a 
catheter could not be advanced more than 5 cm. Radiography 
revealed a gasless abdomen and numerous thin ring-shaped 
calcifications throughout the entire abdominal cavity (fig. 1). A 
nasogastric tube was placed in the stomach, and a small 
quantity of contrast medium was injected. The contrast medium 
refluxed into the esophagus and did not advance further into 
the stomach or distally, probably due to elevation and compres- 
Sion. Several hours later, respiratory distress and tachycardia 
developed. The infant died with signs of sepsis 24 hr after 
admission. 

At autopsy, bilateral bronchopneumonia was found. The 
abdominal wall was normal. The stomach and duodenum were 
of normal size and configuration. The proximal half of the small 
bowel was dilated and had a thickened wall. Five stenotic 
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segments were found in the distal half of the bowel. These 
alternated with somewhat dilated segments containing thick 
dark green material. No large intestine could be identified on 
gross examination. The terminal 5 cm of the intestine was 
patent, had the histologic characteristics of colon, and termi- 
nated in an open and normal-appearing anus. 

Histologic examination of the bowel showed somewhat hy- 
pertrophic intestinal wall with atrophic mucosa. Many areas of 
focal small-cell infiltration were seen, mainly around congested 
blood vessels. There were multiple small calcifications in the 
inner layer of the inflamed and necrotic mucosa, both in the 
stenotic (fig. 2A) and dilated (fig. 2B) segments. 


Discussion 


Neonatal intraabdominal calcification is relatively rare 
[1]. It usually accompanies bowel obstruction due to 
atresia [1-3] or meconium ileus in cases of cystic fibrosis 
[4, 5]. The calcification of meconium peritonitis is usually 
linear or plaquelike on the serosal surface of the bowel 
and abdominal wall [4, 6, 8]. Meconium peritonitis is a 
result of meconium spillage through perforation of the 
obstructed bowel wall. This causes a sterile peritonitis 
with calcium deposition in collections of cornified epi- 
thelial cells which are part of the extravasated meconium 
[6, 8]. 

Intraluminal calcification in cases of bowel obstruction 
is amorphous or punctate [1, 2, 9]. The etiology of 
intraluminal meconium calcification is not known. Ber- 


Fig. 1.—Diffuse intestinal intra- 
mural calcifications. A, Supine radi- 
ograph of abdomen after introduc- 
tion of nasogastric tube and injec- 
tion of contrast material. Note gas- 
less abdomen and multiple ring- 
shaped calcifications delineating 
distended bowel loops occupying 
most of abdomen. 8, Lateral radio- 
graph showing same type and distri- 
bution of calcifications. 
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Fig. 2. — Photomicrographs of intestinal wall, H and E, x500. A, Stenotic segment. Minute globulelike calcifications are seen in necrotic and inflamed 
mucosa. B, Dilated segment. Same types of calcifications are seen in atrophic, necrotic, and inflamed mucosa. 


don et al. [1] described five cases of intraluminal meco- 
nium calcification in imperforate anus with uroenteric 
fistulae. They postulated that the interaction of urine and 
meconium might produce intraluminal calcification. 
Stasis alone as a cause does not seem an adequate 
explanation, since intraluminal calcification is found in 
only a few of the many cases of bowel obstruction and 
meconium stasis. 

The third and rarest type of abdominal calcification, 
seen in our case, is intramural. In his first description of 
the radiologic features of meconium peritonitis, Neuhau- 
ser [6] also mentioned intramural calcification in one 
case. Van Buskirk et al. [7] reported a case of intramural 
calcification in a jejunal loop, which was also docu- 
mented histologically. Leonidas et al. [4] mentioned two 
cases of intramural calcification in a short segment of 
bowel, probably due to volvulus and ischemia. Extensive 
intramural calcification, to the degree seen in our case, 
has not previously been reported. 

Both bowel atresia and intramural calcification may be 
due to ischemia. The mucosa is the layer of the intestinal 
wall most sensitive to ischemic insult, and dystrophic 
calcification is known to occur in necrotic tissue. Inter- 
ference with intestinal blood supply can cause atresia in 
utero, as shown by the experimental work of Louw and 
Bernard [10]. 

The dilatation of the small bowel is probably secondary 
to the obstruction caused by the stenotic segments. 
Intramural calcifications were noted both in the stenotic 
and dilated segments. Whether these are due to ischemia 
or are the result of introduction of meconium into the 


bowel wall through ulcerated mucosa [7] remains con- 
jectural. 
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Commentary 





Radiology of Acute Appendicitis 


Although no longer a "hot topic" in the medical litera- 
ture, the diagnosis of acute appendicitis still presents a 
challenge. Several modern series indicate that a preop- 
erative clinical diagnosis of acute appendicitis will be 
incorrect in 1596 of cases and that a significant postop- 
erative complication rate can be expected as a result of 
appendectomy performed for such a mistaken impres- 
sion [1-3]. In many instances the surgeon's palpating 
fingers require diagnostic reinforcement. 

Despite numerous publications on the subject, the 
inconsistent use of radiography by many clinicians indi- 
cates that its role in the diagnosis of appendicitis is still 
poorly appreciated. My own views are formed by experi- 
ence with 291 histologically proven cases over the past 8 
years at Bridgeport Hospital. 


Plain Film Findings 


Appendicoliths 


An appendicolith originates from a fecal lump inspis- 
sated in the appendiceal lumen. The irritating fecal nidus 
provokes secretion and precipitation of mucous rich in 
calcium phosphate. Appendiceal calculi are also known 
as fecaliths or coproliths, designations corrupted by 
frequent application to small radiolucent fecal lumps 
discovered by barium filling the appendix. An uncalcified 
fecal lump does not have the same potential for lumen 
obstruction and production of acute appendicitis. 

Radiographically, the typical appendiceal calculus is 
0.5-2.0 cm in diameter. In 70% of cases they are solitary 
and in 20%, two are present. The majority are oval and 
laminated [4]. A laminated right lower quadrant appen- 
diceal calculus may be mistaken for an ectopic gallstone, 
especially if the patient has dilated small intestinal loops 
Suggesting a gallstone ileus. The common differential 
diagnosis of a nonlaminated appendicolith includes ure- 
teral calculus, bone island of the ilium, or calcified 
mesenteric lymph node [5]. 

Radiographic discovery of an appendicolith in a pa- 
tient with abdominal pain is a highly reliable indicator of 
acute appendicitis. Fagenberg [4] noted that 12 of 100 
consecutive cases of acute appendicitis had appendicol- 
iths demonstrable by plain abdominal films, whereas 
only one of 100 normal cases had such a finding. He 
concluded that discovery of an appendicolith in a patient 
with abdominal pain indicates at least 9096 chance of 
acute appendicitis. Appendicoliths have been noted in 
7%-12% of cases in large series [6-9]; a 1496 incidence 
has been noted in the Bridgeport Hospital review of 291 
cases. The frequency of appendicoliths has been re- 
ported as high as 5096 in children with appendicitis, 
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although Hatten et al. [10] found an incidence of only 7% 
in a review of 300 cases. 

At least half of acute appendicitis patients with appen- 
dicoliths have gangrene or perforation of the appendix 
[4, 6]. This potential for advanced disease has prompted 
surgical zealots to advocate elective appendectomy for 
asymptomatic patients who have accidental discovery of 
an appendicolith [11]. 


Gas in Appendix 


The radiologic discovery of gas in the appendix is 
noted in less than 296 of patients with acute appendicitis 
[6-8]. It occurs when the appendix is completely ob- 
structed and infected with gas-forming bacteria, or when 
the lumen of an inflamed atonic appendix communicates 
with the cecum. Gas in the appendix with acute appen- 
dicitis has been associated with gangrene and perfora- 
tion in about 5096 of published cases [12]. 

The lumen of a gas-filled inflamed appendix often 
appears dilated throughout its entire length, with a 
poorly defined air-mucosa interface due to mucosal 
edema. There may be a gas-fluid level in the appendix 
and a surrounding soft tissue mass. All seven Bridgeport 
Hospital cases had accompanying radiographic signs of 
acute appendicitis 

For many physicians, gas in the appendix implies the 
diagnosis of acute appendicitis [12]. Samuel [13] first 
recognized that air may normally be seen throughout 
most of the length of an ascending retrocecal appendix. 
Gas filling of appendices occupying other positions in 
the abdomen has not been so well established as a 
normal radiographic finding. Conventional wisdom con- 
tends that, although gas air enters a normal nonretroce- 
cal appendix, it is not sufficient or constant enough to 
be identified with certainty on plain abdominal films [12, 
13]. Dissenting, Lim [14] presented three cases with 
abdominal complaints and normal gas-filled appendices 
occupying the right lower quadrant of the abdomen. In 
two cases the cecum was not simultaneously distended 
with gas. 

| analyzed three groups of patients without appendici- 
tis to determine the frequency of air filling of normal 
appendices. 

1. In 100 consecutive ambulatory patients with back 
pain, no appendiceal*air was observed on a single supine 
abdominal film. The study agrees with the series of 200 
normal subjects studied by Graham and Johnson [7]; 
none had gas in the appendix. 

2. Ninety consecutive hospital cases with abdominal 
complaints, numerous supine abdominal films, and bar- 
ium studies for confirmation of the shape and position of 
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the appendix were then reviewed. Appendiceal air was 
visualized in six cases. Of the two with complete 
filling, one was a retrocecal appendix, the other was in 
the pelvis. In four cases air filling of the appendix 
occurred on only one of many films and only in a short 
proximal segment. 

3. In 100 consecutive hospital patients with either 
excretory urogram or supine abdominal films, four had 
unquestionable air filling of the appendix. Three of these 
were located in the right lower quadrant. 

Air extending for even a long segment of a nondilated 
appendix occupying any position of the abdomen may 
be normal. | cannot offer any criteria to judge early 
degrees of dilatation. In my own experience there has 
been no significant difference in the frequency of visual- 
ization of air in the appendix in cases with acute appen- 
dicitis and those with other abdominal complaints. 


Appendiceal lleus 


Acute appendicitis may induce atony of the neighbor- 
ing cecum and terminal ileum causing dilated air- and 
fluid-filled bowel loops confined to the right lower quad- 
rant, so-called appendiceal ileus. This sentinel ileus is 
seldom dramatic; the bowel loops are only moderately 
dilated, and fluid levels, if present, are short. 

Many authors dispute the reliability of appendiceal 
ileus in the diagnosis of appendicitis [8]. If the term is 
restricted only to those cases with air-fluid levels in 
dilated right lower quadrant bowel loops, then appendi- 
ceal ileus should prove a useful radiographic finding. 
Analyzing a series of 200 normal patients, Graham and 
Johnson [7] found that sentinel right lower quadrant ileal 
loops occurred without air-fluid levels in 1976, a right 
colon air-fluid level occurred in 996, and sentinel right 
lower quadrant air-fluid levels occurred in 2.5%. In com- 
parison, analyzing a series of 104 appendicitis cases, 
Steinert et al. [9] noted cecal air-fluid levels in 40 cases 
(38.5%) and sentinel ileal air fluid levels in 19 cases 
(18.396). 


Right Lower Quadrant Soft Tissue Mass 


A soft tissue mass may be caused by an abscess, by 
edema of the mesoappendix, or by aggregation of fluid- 
filled small bowel loops. All may be reflected only as a 
localized increased density over the right sacroiliac joint 
with blurring of the joint margins. A soft tissue mass is a 
frequent and reliable radiographic finding with appendi- 
citis, being noted in 1296-3396 of large series [6-9]. 


Deformity of Cecal Outline 


Edema deforms the air-filled cecum by causing thick- 
ening of mucosal folds, straightening of normally curved 
margins, and/or narrowing of the lumen by lobulated 
submucosal fluid collections (thumb prints). Most series 
note this finding in less than 5% of appendicitis cases. 


Blurring or Loss of Right Properitoneal Fat Stripe 


This sign occurs when the inflammatory process infil- 
trates and causes edema of the well defined fat stripe. 
Even when a left fat stripe is present, a right fat stripe 


may not be present in a few normal patients. Steinert et 
al. [9] noted blurring of the right properitoneal fat in Six 
of 104 cases. 


Separation of Cecal Contents from Right Properitoneal 
Fat 


This indicates edema of the cecal wall and/or fluid in 
the right flank. Casper [15] attempted to quantify this 
observation to increase its diagnostic usefulness. On the 
basis of 100 randomly selected supine films, he found 
that the soft tissue between the right properitoneal fat 
and the right colonic contents usually measures 2-3 mm. 
He considered that a measurement of greater than 5 mm 
anywhere along the right flank (with the colon empty or 
distended) indicated an abnormal amount of soft tissue. 
Of 28 of his cases with acute appendicitis, 15 had a 
"cecal-fat distance” greater than 5 mm. 

| reviewed films on 172 presumably normal supine 
abdomens to substantiate the normal distance. The dis- 
tance could not be ascertained in nine cases; in six 
cases a gasless right colon prevented identification of 
the colonic contents; and in three instances the right 
properitoneal fat line could not be identified. The mean 
distance for the 162 remaining cases was 4 mm (SD = 
2.9 mm). Hence, a distance of 10 mm or greater may be 
regarded as abnormal at the 95% level of confidence, 
whereas Casper's suggestion [15] of 5 mm does not 
seem valid. In 221 cases of appendicitis in which a 
measurement was obtainable, 37 had a cecal-fat dis- 
tance of 10 mm or more. 


Abscess 


An appendiceal abscess occurs most frequently and 
characteristically in the right lower quadrant or in the 
right paracolonic gutter. However, it may be found al- 
most anywhere in the abdomen because of the extreme 
variability in the position of the appendix and the numer- 
ous potential routes for intra- or retroperitoneal dissem- 
ination. Appendiceal abscesses have been noted in such 
unusual sites as the right thigh or the left subphrenic 
area. Abscess formation is noted surgically in about 1576 
of large series of appendicitis [1, 2]. An abscess will 
occasionally contain gas, most unmistakably in a soap 
bubble appearance. 


Other Signs 


Such findings as splinting of the right side of the 
abdomen and loss of the right psoas margin occur in a 
large number of normal individuals and are of value only 
as supportive signs [7]. Other findings, such as diffuse 
dilatation of the small or large bowel, are nonspecific 
and serve only to confuse the diagnosis. 


Discussion: Plain Films 


The original large radiographic series of Steinert et al. 
in 1943 [9] first evaluated the usefulness of the plain 
abdominal film in acute appendicitis and developed 
three categories: (1) normal; (2) possibly abnormal, such 
as cases with scoliosis, absence of the right psoas mar- 
gin, and air in a nondilated appendix; and (3) probable 
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appendicitis or suggestive of appendicitis. Demonstra- 
tion of an appendicolith or right lower quadrant abscess 
gas justifies the specific diagnosis. 

Steinert et al. [9] classified 24 of 104 cases (23%) as 
normal and 28 as possibly abnormal. There were 52 
cases (50%) with findings characteristic or suggestive of 
appendicitis. In a continuation of this same series, Frei- 
man-Dahl [16] noted that these percentages have re- 
mained largely unchanged after examination of over 
2,000 patients. Of 291 Bridgeport Hospital cases, 121 
(42%) were negative, 32 (11%) had possibly abnormal 
findings, and 138 (4796) had a positive examination. 

Most often several signs will be present in cases with 
positive abdominal films. A combination of findings more 
strongly suggests a right lower quandrant inflammatory 
process than any one alone. Of the 138 positive Bridge- 
port Hospital cases, 99 (72%) had two or more radio- 
graphic signs of appendicitis. 

Patients with more advanced disease (i.e., perforation 
or gangrene) are more likely to have a positive radio- 
graphic examination (6296 in the Bridgeport Hospital 
series), as are children [7]. Most authors have found that 
plain film studies are less frequently positive when the 
appendix is in the retrocecal position. 

Perhaps to avoid embarrassment, few authors analyze 
the frequency of radiographic examinations which incor- 
rectly suggest the diagnosis of appendicitis in patients 
without significant abdominal disease. | estimate that | 
make one such false positive diagnosis for every five or 
Six times | prove correct. | have been betrayed most often 
by the appendiceal ileus complex of signs and by incor- 
rectly diagnosing a cecal deformity. 

Even if positive, abdominal radiographs add little to 
the straightforward case of acute appendicitis except 
expense and radiation exposure. Abdominal radiography 
Is indicated for the evaluation of a patient with suspected 
appendicitis only when the existence of a surgical prob- 
lem is in doubt, or when appendicitis is only one of many 
diagnostic possibilities. Perhaps 2096 of patients with 
appendicitis present such problems [2]. About half of 
appendicitis patients over 60 have minimal symptoms, 
the so called "silent appendix." Since the plain film is 
positive in less than 5096 of appendicitis cases, further 
evaluation by barium enema examination may be indi- 
cated. 


Barium Enema Findings 


Deformity of Distended Cecum and/or Superior Medial 
Displacement of Terminal lleum 


Uncomplicated appendicitis causes cecal deformity by 
extension of the inflammation from the base of the 
appendix to the cecum (typhlitis) and/or pressure on the 
cecum by edematous periappendiceal tissue, most com- 
monly the mesoappendix [17, 18]. 

Early contour changes characteristic of appendicitis 
include the following. 

1. Flattening of the cecum between the expected 
origin of the appendix and ileocecal valve. Normally this 
Segment is convex. 

2. A single filling defect in the region of the expected 


origin of the appendix. The surface of this defect may be 
smooth or irregular. 

3. A bilobed cecal filling defect in the expected posi- 
tion of the appendix. The indentation between these two 
lobes is caused by filling of the most proximal portion of 
the appendix, which then tapers down to a point of 
obstruction [18]. 

Large cecal filling defects usually indicate abscess 
formation, as does terminal ileal displacement. An ab- 
Scess from a retrocecal appendix characteristically 
causes a pressure effect on the ascending colon, while a 
pelvic abscess impinges on the retrosigmoid region. An 
abscess may also displace other structures, such as the 
bladder or right ureter, or spread to remote sites. If an 
abscess does not impinge upon the right colon or termi- 
nal ileum, its appendiceal origin usually remains unsus- 
pected preoperatively. 


Nonfilling of Appendix 


Lumen obstruction is a prerequisite for development 
of appendicitis in most patients [19]. However, in the 
absence of cecal deformity, nonfilling of the appendix is 
not a helpful diagnostic sign of appendicitis for the 
following reasons. 

1. Barium may not fill a normal appendix. Sakover and 
Del Fava [20] attempted to fill the appendix by barium in 
925 patients without appendicitis: in 66 (12.596) there 
was no visualization of the appendix. In suspected ap- 
pendicitis cases colonic preparation cannot be used, 
further hindering appendiceal filling. 

2. Barium may fill the proximal portion of the appendix 
that is obstructed and inflamed distally [21]. 

3. Barium may completely fill an inflamed appendix 
[17]. Of cases with acute nongangrenous nonperforative 
appendicitis, 20% have no demonstrable lumen obstruc- 
tion [19]. 


Discussion: Barium Enema 


Soter [17] presented the first large series of cases of 
acute appendicitis examined by means of the barium 
enema. All 25 had diagnostic findings with pressure 
changes on the cecum and nonfilling of the appendix. 
Rajogopalan et al. [22] performed 221 barium enemas in 
cases suspected of having appendicitis. Of 110 patients 
with a positive barium enema, 107 (97%) had appendici- 
tis confirmed at surgery. Of 111 patients with negative 
Studies, 96 (86.5%) were merely observed for 48 hr and 
discharged as presumably normal. Fifteen patients with 
a negative barium enema were surgically explored for 
impelling clinical reasons. Appendicitis was found in Six, 
an overall false negative frequency of 796. Of 40 Bridge- 
port Hospital cases with appendicitis, 30 had positive 
barium enemas with nonfilling of the appendix and 
contour abnormalities of the right colon. Two of the 40 
had extrinsic impressions on the rectum and retrosig- 
moid without cecal or ileal abnormalities. 

Many physicians hesitate to order a barium enema for 
problem cases of appendicitis, even though published 
evidence indicates its desirability. Two objections are 
raised. 
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1. Barium, especially administered under pressure, 
may perforate an inflamed cecum. This complication is 
very rare [17, 22-24]. | am puzzled why the barium enema 
is an accepted procedure with cases of diverticulitis of 
the sigmoid with its known tendency for perforation, but 
not in cases of appendicitis. 

2. The study is not 100% accurate in comparison with 
surgical exploration. This argument erroneously as- 
sumes that surgery is innocuous. Kazarian et al. [1] 
reported a 14% morbidity rate in patients undergoing 
surgery for a mistaken diagnosis of acute appendicitis 
(the same incidence of morbidity encountered in patients 
with nonperforative appendicitis); others have reported 
occasional postoperative deaths [2, 3]. 

The barium enema deserves wider application in the 
diagnosis of appendicitis. It guides the correct mode of 
therapy when appendicitis is only one of several diagnos- 
tic possibilities, such as regional enteritis or perforating 
cancer of the right colon. In cases with a questionable 
acute abdomen, a positive barium enema leads to 
prompt indicated surgery for appendicitis. A negative 
study with good filling of the appendix offers the surgeon 
good justification for a policy of watchful waiting. Such 
an approach for questionable appendicitis should ob- 
viate most negative diagnostic laparotomies with their 
attendant expense and morbidity. 

Peter M. Shimkin 
Bridgeport Hospital 
Bridgeport, Connecticut 06602 
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American Roentgen Ray Society 79th Annual Meeting 
March 25-30, 1979, Sheraton Centre, Toronto, Canada 


Registration 


Forms for advance registration will be provided in the 
October and November issues of the Journal. Society 
members will receive registration forms by mail in early 
fall 1978. 


Hotel Reservations 


Forms enabling advance arrangements for hotel accom- 
modations will appear in the October and November 
issues of AJR with a list of hotels and their locations 
relative to the Sheraton Centre. The Sheraton Centre 
will act as the housing bureau. 


Scientific Program 


Abstracts of papers to be considered for the program 
must reach Society President, Paul A. Riemenschneider, 
by September 10. Forms on which to submit the ab- 
stracts and other instructions are available from Society 
Secretary, James Martin, Bowman Gray School of Medi- 
cine, 300 South Hawthorne Road, Winston-Salem, North 
Carolina 27103. These forms will be mailed to all Society 
members. The Program Committee will select papers for 
the program on September 30 and notify authors imme- 
diately. Abstracts should be sent to Paul A. Riemen- 
schneider, Santa Barbara Cottage Hospital, P. O. Box 
689, Santa Barbara, California 93108. 


Refresher Course Program 


The familiar pink advance registration forms for instruc- 
tional course registration will be in the October and 
November AJR issues. Early registration will be an ad- 
vantage in assuring preferred courses in this always 
popular program that will be directed by Eugene Ged- 
gaudas. 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chair- 
man of Exhibits, Byron G. Brogdon by September 10. 
Forms on which to describe exhibits can be obtained 
from Society Secretary, James Martin, Bowman Gray 
School of Medicine, 300 South Hawthorne Road, Win- 
ston-Salem, North Carolina 27103. Exhibit forms should 
be sent to: B. G. Brogdon, Department of Radiology, 
University of South Alabama, 2451 Fillingim Street, Mo- 
bile, Alabama 36617. 


Spouses' Program 


A program of sight-seeing, shopping, and entertainment 
will be developed by Local Arrangements Chairman, 
Bernard Reilly. Forms for advance registration will be in 
the October and November AJR issues. 


Tennis and Golf 


The popular Willis F. Manges Golf Tournament will be 
deferred because of the unavailability of courses in 
Toronto in March. However, an indoor tennis tourna- 
ment is planned. Information will appear in the October 
and November issues. 


President's Award Paper 


The Society offers a prize of $1,000 as the President's 
Award for the best scientific paper prepared by a resident 
in radiology for presentation at the annual meeting. 
Papers should be submitted to the Society Secretary, 
James Martin, by December 31 for consideration in this 
competition. 


Associated Society Meetings 
Society for Pediatric Radiology 


The Society for Pediatric Radiology will meet at the 
Sheraton Centre on March 24 and 25. A joint session 
with the American Roentgen Ray Society will be Monday, 
March 26. The general program for the Society for 
Pediatric Radiology and the scientific program for the 
open meeting will be published in the March issue of 
AJR. Society President is John Dorst. Department of 
Radiology, Johns Hopkins, Baltimore, Maryland 21205. 
The president-elect is Bernard J. Reilly, 555 University 
Avenue, Toronto, Ontario, Canada. 


Society for Photo-Optical Instrumentation Engineers 


SPIE will meet March 25 and 26 at the Sheraton Centre 
with a program titled Medicine VIII. A joint program with 
the American Roentgen Ray Society is scheduled for 
Tuesday, March 27. The general program for SPIE and 
the scientific program of the open meeting will appear in 
the February and March AJR issues. President of SPIE is 
Joseph Houston, Sunnyvale, California. Inquiries should 
be directed to SPIE Executive Director, Joseph Yaver, 
P. O. Box 10, Bellingham, Washington 98225. 


American Thermographic Society 


This society will meet at the Sheraton Centre, March 30- 
April 1. The general program will be in the February and 
March issues. American Thermographic Society Presi- 
dent is Barbara Treatt, 2384 Dundee, Ann Arbor. Michi- 
gan 48103. 


Deadlines 


Abstracts of papers: September 10 
Scientific exhibits: September 10 
President's Award paper: December 31 
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Letters 





Target-shaped Echo Pattern 


In their article on ultrasonography of the gallbladder [1]. 
Anderson and Harned claim that the target-shaped echo pattern 
demonstrated in figure 1 represents a calculus lodged in the 
cystic duct. The absence of shadowing behind the "calculus," 
which measures about 8 mm, makes this unlikely. The target 
appearance is probably caused by edematous mucosa, second- 
ary to obstruction by a stone, within the cystic duct rather than 
by the stone itself. In an article by Crow et al. [2] on ultrasonic 
diagnosis of gallstones, two cases of stones within the cystic 
duct are illustrated. In both cases, the stones are not directly 
visualized but are identified by their shadows. 

Colin McArdle 
Harvard Medical School 
Boston, Massachusetts 02215 
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Reply 


The criticism of McArdle is well taken, and we are not able to 
exclude the possibility that the target-shaped echo pattern was 
caused by edematous tissue in our case. Review of other images 
from this case shows faint shadowing posterior to the gallblad- 
der neck and cystic duct region, which seems to support our 
hypothesis of the stone causing the echo pattern. 

Since publication of our article, we have encountered two 
additional cases of calculus impacted in the cystic duct near the 
gallbladder neck. One of these showed a target-shaped echo 
pattern in the gallbladder neck; the other showed an incomplete 
target with shadowing obscuring the far wall of the gallbladder. 
Review of ultrasound from a patient with choledocolithiasis 
showed a target-shaped echo pattern from the common bile 
duct without shadowing. The operative cholangiogram in this 
case showed a 7 mm calculus with no evidence of edematous 
mucosa protruding into the lumen. 

Ultrasound shadowing is favored by high frequency and 
narrow beam profile. Our case was performed with a 2.25 MHz 
transducer. If a higher frequency transducer had been used, 
perhaps shadowing would have been more prominent. 

Joseph C. Anderson 
University of Nebraska Medical Center 
Omaha, Nebraska 68105 





Clyde A. Stevenson, 1911-1977 


Clyde A. Stevenson died 
at home on October 23, 
1977, less than a year after 
radiologically diagnosing 
his own oat cell tumor of the 
lung. Steve was born in Mil- 
waukee, Wisconsin in 1911. 
He graduated cum laude 
from the University of Wis- 
consin with a B.S. degree 
in 1931; he received his 
M.D. from the same school 
in 1934 after having been 
elected to Alpha Omega Al- 
pha honorary medical soci- 
ety. During his internship at St. Luke's Hospital in Du- 
luth, Minnesota, he became interested in both radiology 
and surgery, but he chose radiology after he met and 
was greatly impressed by Beryl Kirklin, then director of 
the Department of Radiology at the Mayo Clinic. 

After serving a fellowship in radiology at the Mayo 
Clinic from 1935 to 1937, Steve joined the staff at the 
Scott-White Clinic in Temple, Texas, where he had a 
distinguished career as director of the radiology depart- 
ment for 18 years. He was also associated with the 
University of Texas Postgraduate Medical School and 
the University of Texas Medical School in Galveston. He 
moved to Spokane, Washington, in 1955 and was soon 
appointed director of the radiology department at Sacred 
Heart Medical Center, the post he held at the time of his 
death. 

Stevenson was a dedicated teacher throughout his 
career. At the Scott-White Clinic and at Sacred Heart 
Medical Center in Spokane, he developed outstanding 
residency training programs. He took great pride in these 
teaching programs and the graduates. His many appre- 
ciative former residents and friends honored him by 
establishing the Clyde A. Stevenson Society in 1973. 

He was a member of many radiologic organizations 
including the American Roentgen Ray Society, the 
Radiological Society of North America, the Society of 
Gastrointestinal Radiologists, and the American College 
of Radiology, in which he was a fellow. He was also an 
honorary member of the Detroit Roentgen Ray and 
Radium Society and the Chicago Medical Society. He 
was president of the County Medical Society of Bell 
County, Texas, and the Texas Radiological Society. He 
was chairman of the Section on Radiology of the Texas 
State Medical Association and was successively secre- 
tary, vice-chairman, and chairman of the Section on 
Radiology of the American Medical Association. He 
served the American Roentgen Ray Society in positions 
of chairman of the Executive Council. first vice-presi- 
dent, and president. 

Steve was also honored by being selected to give 
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several famous lectures, including the Caldwell Lecture 
of the American Roentgen Ray Society, the Kirklin-Weber 
Memorial Lecture at the Mayo Clinic, and the Hickey 
Memorial Lecture in Detroit, Michigan. He was a Visiting 
Professor in several medical schools including the Uni- 
versities of Texas, Kansas, Oregon, and Washington and 
the Mayo School of Medicine. As a radiologic consultant 
he served many organizations, such as the National 
Institutes of Health, the Fort Hood Army Hospital (Texas), 
the Kaiser Aluminum Company (Oakland), the Eastern 
State Hospital (Medical Lake, Wash.), and the Veterans 
Administration Hospital (Spokane). 

While Stevenson was a Trustee on the American Board 
of Radiology (1963-1975), he worked diligently to con- 
tribute to the work of the board in elevating the standards 
of radiologic education. The thousands of candidates 
who had him as a board examiner will remember him as 
a friendly, kind, courteous, perceptive, and genial man. 
He had a wonderful sense of humor and was able to 
discuss difficult problems. It was his custom to ship 
many crates of beautiful golden and red Washington 
Delicious apples to the board meeting. 

Stevenson was especially proud of being the first 
radiologist to receive a gold medal for his exhibit on 
cancer of the colon at the American Medical Association 
meeting in 1949. He also received a gold medal for an 
exhibit on colon diseases at the Association of Military 
Surgeons in Washingotn, D.C., in the same year; he 
received many certificates of merit for other scientific 
exhibits at various national radiological Society meet- 
ings. Steve's bibliography included over 40 published 
papers. 

Stevenson established the annual Diagnostic Radiol- 
ogy Refresher Course at the Sacred Heart Medical Center 
in 1972. Each year he attracted nationally known faculty 
members for his courses. During the 1977 course, the 
medical staff, Board of Directors, and administration 
honored him with a banquet and plaque in recognition 
of his dedication to excellence of practice, pursuit of 
knowledge, teaching of the art and science of radiology, 
and service to physicians and patients. 

Despite prodigious professional accomplishments, 
Steve had many other talents. He was an expert wood- 
worker, talented photographer, and an avid collector of | 
china and American coins. He was also a gourmet cook. 

Steve experienced many personal joys and tragedies. 
He endured the anguish of the deaths of his only son 
and his first wife, Gladys, who died in 1974. He subse- 
quently married Betty Buxton Smith. He is also survived 
by a daughter, Karen Merriman of Buffalo. New York. 
and his mother, age 90, in Milwaukee. 

Sidney W. Nelson 
Seattle, Washington 
Marvin Gottschall 
Spokane, Washington 








Clifford L. Sherratt, 1890-1977 


After a short illness, Clif- 
ford L. Sherratt died peace- 
fully on December 12, 1977. 
His service to the American 
Roentgen Ray Society was 
long, faithful, quiet, and vol- 
untary. His contribution was 
recognized appropriately in 
1971 by the unprecedented 
election to the position of 
Honorary President of the 
society. 

The beginnings of his ser- 
vice are lost in the misty 
anonymity of the past. He 
was born in Guelph, Ontario, August 12, 1890, and came 
as an electrician to Detroit, Michigan, after completing 
high school. He soon found work in an x-ray equipment 
company organized by the brother of William A. Evans, 
treasurer and later president of the American Roentgen 
Ray Society. Cliff rapidly advanced, and the company 
soon became Evans and Sherratt. Evans died a short 
time later, but Cliff would not permit any change in the 
company name. This simple fact typifies the sense of 
respect for the past, the value of tradition, and the ideas 
of propriety and modesty that characterized his life. 

Duties in the society were not well defined during the 
early years. In 1930, when many details of the annual 
meetings were being arranged by the editorial office, the 
editor of the journal, Lawrence Reynolds, chose Cliff to 
act as go-between, arranger, and leg-man. His expertise 
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included arrangement of convention floor space, equi- 
table assignment of space to both competitors and 
friends, investigation of meeting sites, arrangement for 
audiovisual service and for meeting rooms of appropriate 
size, and the innumerable small chores associated with 
management of annual meetings. His pay was gratitude, 
the appreciation of the officials of the society, and the 
satisfaction of a job well done. He attended 45 consecu- 
tive annual meetings. His usefulness was such that 
eventually the hotels involved supplied a room for him 
and his faithful wife, Hannah (they were married 63 
years). 

The society recognized Cliff as an honorary member in 
1955. Establishment of the position of Manager of the 
Annual Meeting in 1954 gave official sanction to his 
work, but not overt personal recognition. This came with 
his retirement, when the work he had previously done 
for the society was assigned to various commercial 
organizations. At the 1971 meeting in Boston, Thomas 
Fullenlove (then president) bestowed on him the medal 
of the presidency as an honorary position. This was an 
unexpected and deeply treasured recognition of his 
contribution. He expected and needed no recompense 
except the pleasure of seeing the meeting run success- 
fully, the ability to help the movers and shakers of the 
society, the appreciation of the men who were responsi- 
ble, and the knowledge that he had helped, even in a 
small way, the forward progress of the science with 
which he was associated. 

E. Frederick Lang 
Detroit, Michigan 
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Hiatus hernia and the respiratory tract. Lomasney TL (6311 
Kingston Pike, Knoxville, Tennessee 37919). Ann Thorac Surg 
24:448-450, Nov 1977 


A variety of pulmonary diseases, most notably asthma, 
chronic bronchitis, bronchiectasis, and pulmonary fibrosis, 
have been related to hiatal hernia and gastroesophageal reflux. 
Recurrent aspiration of gastric contents is presumably the 


mechanism by which lung disease develops. Among 300 pa- 


tients undergoing surgical repair of hiatal hernia, 129 (4396) had 
respiratory symptoms. Of these, 82 (6496) were referred solely 
for evaluation of respiratory complaints; in the remaining 47, 
symptoms of lung disease were secondary to symptoms of 
esophageal reflux. Asthma was present in 16, chronic bronchitis 
in 76, bronchiectasis in 24, hemoptysis in five, lung abscess in 
one, and laryngitis in seven. Following surgical repair of the 
hiatal hernia, and pulmonary resections in 13 patients with 
significant bronchiectasis, 96 patients (74%) experienced relief 
of their respiratory complaints, while 30 (25%) were improved, 
and only three (3%) reported no change. 


W. Richard Webb 


The surgical management of multiple lung metastases. Takita 
H, Merrin C, Didolkar MS, Douglass HO, Edgerton F (Depart- 
ment of Thoracic Surgery, Roswell Park Memorial Institute, 666 
Elm Street, Buffalo, New York 14263). Ann Thorac Surg 24:359- 
363, Oct 1977 


Surgical excision of solitary lung metastases has met with 
excellent results. However, there have been few studies of 
surgical excision of multiple unilateral or bilateral pulmonary 
metastases. A total of 56 patients with multiple lung metastases 
had 72 procedures for resection of metastatic lung nodules. The 
primary tumor was sarcoma in 25, testicular in 21, and carci- 
noma in six; 33 had unilateral metastases. In most, metastases 
were limited to lung however, in patients with testicular tumors, 
retroperitoneal or supraclavicular lymph node involvement was 
not considered a contraindication to surgery. Wedge resections 
accounted for 54 of 72 operations. As many as 56 lesions (mean 
7.1) were removed from a single patient; tomograms generally 
underestimated the number of metastatic nodules (mean 3.5). 
In 66 of 72 resections, all tumor was considered to be removed. 
All but four patients received adjuvant chemotherapy or immu- 
notherapy with autologous tumor vaccine. 

Patients with a radiographically determined tumor doubling 
time of less than 40 days had a shorter mean survival (p = .05) 
than patients with a tumor doubling time of more than 40 days. 
Only 28% of patients with a doubling time of less than 40 days 
survived 2 years after treatment; the 2-year survival of patients 
with a longer doubling time was 6096, and half of such patients 
followed for 5 years are still living. The type of primary tumor, 
the tumor-free interval between treatment of the primary tumor 
and diagnosis of lung metastases, the number of lesions re- 
moved, and the presence of unilateral or bilateral metastases 
did not significantly affect survival. 


W. Richard Webb 


Pneumocystis carinii pneumonia. Hughes WT (Eudowood In- 
fectious Diseases Unit, Johns Hopkins University, 601 North 
Broadway, Baltimore, Maryland 21205). N Engl J Med 297 : 1381- 
1383, 1977 


This excellent review describes the clinical features, diagnos- 
tic methods and therapy for P. carinii pneumonia. This infection 
is characterized by abrupt onset of fever, tachypnea, and cough. 
The diagnosis is best made by surgical open lung biopsy 
although transbronchial biopsy or endobronchial brushings 
may also be used. The author states that percutaneous needle 
aspiration of the lung will reveal organisms in approximately 
87% of the cases. The best stains for localizing the organisms 
are toluidine blue and methenamine-silver, although the Gram- 
Weigert stain has recently become more popular. The infection 
evokes an antibody response in about one-half of confirmed or 
suspected cases. The P. carinii antigen is present in about 9596 
of patients with proven infections as determined by recently 
developed counterimmunoelectrophoretic methods and this ap- 
pears to be a potentially useful diagnostic test. Treatment with 
both pentamidine and trimethoprimsulfamethoxazole are effec- 
tive. An animal model for this infection has been developed and 
widely studied. Overall, this review should be useful to all 
physicians involved in the care of immunosuppressed patients. 


David C. Dale 
Medicine, University of Washington 


Successful chemoprophylaxis for Pneumocystis carinii pneu- 
monitis. Hughes WT, Kuhn S, Chaudhary S, Feldman S, Verzosa 
M, Rhomes JAA, Pratt C, George SL (Johns Hopkins University, 
601 North Broadway, Baltimore, Maryland 21205). N Engl J Med 
297 : 1419-1426, 1978 


This is a report on a randomized, double-blind, placebo- 
controlled study of the benefits of trimethoprim-sulfamethoxa- 
zole in the prevention of Pneumocystis carinii pneumonia. The 
study was conducted at Saint Jude’s Childrens Research Hos- 
pital in Memphis, Tennessee in a group of 160 patients with 
cancer, predominantly acute lymphoblastic leukemia. Patients 
in the treatment group received trimethoprim (150 mg/m?/day) 
and sulfamethoxazole (750 mg/m?/day) in two equally divided 
doses at 12 hr intervals. The control group received a placebo. 
In the 80 patients treated with placebo 17 cases of Pneumocystis 
carinii pneumonia developed while no cases occurred in the 
chemotherapy group. 

The investigators looked carefully at their patient population 
to determine if these drugs were hematotoxic or caused super- 
infections. They observed no remarkable changes in blood 
count values and only that the serum folate levels fell. Oral 
candidiasis was more prevalent in the group treated with the 
trimethoprim-sulfamethoxazole but overall there were fewer 
bacterial infections in this group. The authors conclude that 
this therapy is effective for prophylaxis of P. carinii pneumonia 
and advised use of this therapy in patients at high risk, particu- 
larly immunosuppressed patients receiving cancer chemother- 
apy. 

David C. Dale 
Medicine, University of Washington 


The surgical treatmentøf pulmonary aspergillomas. Garvey J, 
Crastnopal P, Weisz D, Khan F (Queens Hospital Center, 82-68 
164th St., Jamaica, New York 11432). J Thorac Cardiovasc Surg 
74:542-547, Oct 1977 


Bronchopulmonary aspergillosis can occur in one of several 
forms: allergic, invasive (septicemic), and saprophytic. In the 
saprophytic form, aspergillus grows within a preexisting cyst or 
cavity, often forming a mycetoma or fungus ball, and incites an 
inflammatory response in surrounding lung. Vascular granula- 
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tion tissue lining the cyst results in hemorrhage in 50%-85% of 
patients with aspergilloma; many cases prove fatal. Although 
spontaneous regression occurs in 7%-10% of cases, surgical 
excision of cyst and mycetoma remain the best treatment for 
saprophytic disease. | 

In a 4-year period, 11 patients were treated surgically for 
saprophytic aspergillosis. Nine presented with hemoptysis 
(massive in 4). Overall five had inactive cavitary tuberculosis, 
four patients had cystic lung disease due to sarcoidosis, and 
two had cysts or bulla of unknown etiology. Only five patients 
had radiographic findings typical of fungus ball; the "crescent 
sign" was present in each. The remaining six patients had ill- 
defined areas of consolidation or infiltration; in such patients 
serum precipitins to aspergillus species often prove helpful. 
This test is rarely negative in patients with aspergilloma. 

The crescent sign results when air within a cyst or cavity 
outlines the superior surface of an intracavitary mass. Although 
this sign suggests aspergilloma, it may also occur in patients 
with cavitary neoplasm, hemorrhage or clot within a cavity, 
abscess containing necrotic tissue or inspissated pus, liquified 
infarction, fungal or tuberculous granuloma, or hydatid cyst. 
However, in patients with saprophytic aspergilloma, a crescent 
sign can persist unchanged for long periods of time; in other 
diseases producing this sign, rapid change in radiographic 
findings often occurs. 


W. Richard Webb 


Cardiovascular 


Radiological features of the heart and lungs in total anoma- 
lous pulmonary venous return in early infancy. Haworth SG, 
Reid L, Simon G (Department of Experimental Pathology, Car- 
diothoracic Institute, Fulham Road, London, England SW3 
6HP). Clin Radiol 28 :561-569, 1977 


In nine infants with total anomalous pulmonary venous return 
who died during the first 3 months of life, with partial obstruc- 
tion to the pulmonary venous return, the appearance of the 
pulmonary vessels in the chest radiograph and pulmonary 
angiogram have been related to the structural changes in the 
lung. In five of the infants the pulmonary venous blood drained 
to a supradiaphragmatic systemic vein (supra-TAPVR), and in 
four to an infradiaphragmatic systemic vein of the portal venous 
system (infra-TAPVR). 

Morphometric techniques were applied to the heart and to 
the inflated lungs after injection of the lung vessels, in order to 
quantitate any changes in size, number and wall structure of 
the pulmonary arteries and veins. 

In supra-TAPVR the increase in diameter of the hilar and 
midlung vessels seen in the chest radiograph and the pulmonary 
angiogram was confirmed in the postmortem arteriogram. Ra- 
diographs showed that lung vessels extended almost to the rib 
cage; microscopic examination confirmed that the diameter of 
pulmonary arteries accompanying the terminal bronchioles was 
greater than normal. In contrast, in infra-TAPVR the intrapul- 
monary vessels appeared normal in the chest radiograph, in the 
pulmonary angiogram, and were then shown to be of normal 
size in the specimen. Thus in these young infants the radiologic 
assessment during life of arterial size was accurate: it was more 
accurate than assessment of vein size. Despite the difference in 
arterial lumen size, all nine cases of TAPVR developed severe 
arterial and venous medial hypertrophy. 

Cardiac enlargement seen in the chest radiograph only in 
supra-TAPVR was shown to be due to severe dilatation of the 
right ventricle and was associated with its hypertrophy. Thus in 
young infants with total anomalous pulmonary venous return 
and severe pulmonary hypertension supra-TAPVR can be distin- 
guished in the plain radiograph from infra-TAPVR mainly by 
intrapulmonary artery size. In supra-TAPVR the chest radio- 
graph reveals dilated hilar and midlung vessels and some 
evidence of pulmonary edema, while in infra-TAPVR the arteries 
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are of normal size, but pulmonary edema is severe and gener- 
alized. 
Author Abstract 


Gastrointestinal 


Drug-induced gastrointestinal disease. Hyson EA, Burell M, 
Toffler R (Yale-New Haven Hospital, 333 Cedar Street, New 
Haven, Connecticut 06510). Gastrointest Radiol 2:183-212, 


1977 


latrogenic gastrointestinal disease related to drug administra- 
tion accounts for approximately one-quarter of all drug reac- 
tions. Although the reaction frequently may be minor, serious 
reactions are possible. The authors emphasize that the radiolo- 
gist will often be in a unique position to assist in establishing 
the diagnosis of drug-induced gastrointestinal disease and an 
exhaustive list is provided of drugs causing gastrointestinal 
abnormalities. The article is extremely well illustrated with 43 
figures demonstrating the radiographic and pathologic manifes- 
tations of drug induced gastrointestinal disease; 275 references 
are provided. 


Charles A. Rohrmann, Jr. 


A comparative double-blind study of esophageal barium 
pastes. Miller RE, Chernish ST, Brunelle RL (Indiana University 
Medical Center, Indianapolis, Indiana 46202). Gastrointest Ra- 
diol 2:163-168, 1977 


The authors analyze five barium pastes for demonstration of 
distal esophageal mucosal pattern. They also consider factors 
influencing both radiologist and patient acceptability. Fifteen 
normal volunteers were evaluated for persistence of mucosal 
coating by barium following repetitive 5 cc swallows of water. 
The duration of effective coating was evaluated fluoroscopi- 
cally. The subjects scored the acceptability of the barium 
preparations for: ease of swallowing, acceptability of flavor, 
grittiness, and chalkiness. Final ranking by both radiologists 
and subjects was subjected to statistical analysis resulting in 
the recommendation of three pastes: HD-5000, Esophatrast, 
and Barosperse. The authors summarize their procedure for 
examination of the esophagus for varices. The patient is posi- 
tioned in the left decubitus and films are made immediately and 
at 5 min following ingestion of barium paste. If varices are not 
visualized, 0.6 to 1 mg atropine sulfate is given intravenously 
and films are repeated at 5 min following injection. This proce- 
dure is advocated as insuring a maximal diagnostic yield in 
evaluating patients suspected of having esophageal varices. 


Charles A. Rohrmann, Jr. 


Cancer in colitis: assessment of the individual risk by clinical 
and histological criteria. Lennard-Jones JE, Morson BC, Rit- 
chie JK, Shove DC, Williams CB (St. Marks Hospital, City Road, 
London ECIV 2PS, England) Gastroenterology 73:1280-1289, 
1977 


Risk for development of colon carcinoma in 229 patients with 
ulcerative colitis was determined during a 10-year-period. 
Length of history of ulcerative colitis and the histologic findings 
from rectal and colonic biopsies were correlated with the 
appearance of carcinoma. Five patients are reported to have 
developed carcinoma. No carcinoma was observed within 10 
years of onset of the colitis, but the risk in the second 10 years 
of the disease was found to be one in 200 patient years and in 
the third, one in 60 patient years. Epithelial dysplasia was rare 
and found in 32 biopsies from 13 patients. No carcinoma has 
occurred during the period of follow-up in patients not demon- 
strating dysplasia. Of seven patients with consistent severe 
dysplasia on biopsy who have been treated surgically, carci- 
noma confined to the bowel wall was found in four. The authors 
suggest a program for following patients with extensive ulcera- 
tive colitis to include regular clinical assessment, sigmoid- 
oscopy, and rectal biopsy. Air contrast barium enema is sug- 
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gested to determine the extent of colitis and should be repeated 
periodically if there is clinical suspicion of extension of the 
disease. The authors do not make specific recommendations 
for routine periodic x-ray follow-up. During the first 10 years 
after onset of colitis, sigmoidoscopy with rectal biopsy is pro- 
posed as the means of regular followup. After 10 years, the 
authors suggest that follow-up sigmoidoscopy be supplemented 
with colonoscopy and multiple biopsies every 2 years. If dyspla- 
Sia is severe, consistent in more than one biopsy from different 
Sites, or sequentially obtained, and in the absence of marked 
inflammation, colectomy is indicated. 


Charles A. Rohrmann, Jr. 


Duodenal lesions in familial polyposis of the colon. Yao T, lida 
M, Ohsato K, Watanabe H, Omae T (Department of Internal 
Medicine Il, Faculty of Medicine, Kyushu University, Maidashi 3- 
1-1, Higashi-ku, Fukuoka 812, Japan). Gastroenterology 
73: 1086-1092, 1977 


In 14 patients with familial polyposis of the colon, adenomas 
of various size were found in the duodenum. The adenomas in 
most cases were multiple and relatively small in size measuring 
less than 5 mm in diameter. Rarely a solitary or large adenoma 
was found. The authors note 29 previous patients with familial 
polyposis of the colon who had carcinoma or adenomas of the 
duodenum. The authors indicate that their study suggests that 
the incidence of duodenal lesions might be higher than previ- 
ously reported. In this series, hypotonic duodenography was 
Positive in six of 14 patients, equivocal in four, and negative in 
four. Endoscopy was positive in 13 of 14. The article includes 
radiographic, endoscopic, and histologic examples of the ab- 
normalities. 


Charles A. Rohrmann, Jr. 


Biliary ascariasis presenting in the United States. Shulman A 
(Los Angeles County-University of Southern California Medical 
Center, Los Angeles, California 90033). Am J Gastroenterol 
68:167-170, Aug 1977 


Infestation of the bile ducts by the adult Ascaris lumbricoides 
round worm is common in many part of the world, but illustra- 
tions of the radiographic demonstration of such worms are rare. 
The author presents the first report of bile duct infestation 
presenting clinically in either North America or the United 
Kingdom, in which the worm could be clearly seen on intrave- 
nous cholangiography. The common duct was dilated, measur- 
ing 17 mm, and contained a long vermiform filling defect and a 
rounded defect just below it. There were similar vermiform 
defects in both the duodenum and jejunum on a subsequent 
upper gastrointestinal series and small bowel follow through. 
Most infestations present with upper abdominal pain and usu- 
ally have a normal or slightly elevated serum bilirubin, which 
allows diagnosis by intravenous cholangiography. Nonsurgical 
diagnosis permits a trial of an orally administrated vermifuge, 
which is usually successful in uncomplicated biliary ascariasis. 
In an age of widespread travel, biliary ascariasis should be 
considered in patients from endemic areas presenting with 
signs of acute biliary disease. A long vermiform filling defect 
within the common bile duct is diagnostic, especially if similar 
defects are noted in the duodenum and jejunum. 


James M. Halls 


Genitourinary 


Ascending uretero-pyelography in renal failure. Kingston RD, 
Shah KJ, Dawson-Edwards P (Queen Elizabeth Medical Centre, 
Birmingham, England B15 2TH) Clin Radiol 28:483-489, 1977 


Ascending uretero-pyelography has been carried out over a 
period of 13 years in 97 consecutive patients with undiagnosed 
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renal failure. Sixty-nine were in a nonobstructive uropathy 
group while 26 had ureteric obstructions. There were two 
failures. Over 60% of examinations were performed under local 
anesthesia, each examination taking an average of 20 min. 
There has been no mortality and two anesthetic complications 
have been the only significant morbidity. Ureteric injury, urinary 
infection, and renal function have all been investigated and 
recorded. Five percent of patients developed urinary infection 
following ascending uretero-pyelography but without any major 
consequences. No significant ureteric injury occurred and no 
late sequelae were noted. Neither reaction to contrast medium 
nor any further deterioration in renal function was observed. 
This pyelography was diagnostic in 4696 of patients. In the 
remainder it ruled out obstructive uropathy and gave useful 
information about the kidneys, ureters, and bladder. In experi- 
enced hands and with proper facilities, the procedure is safe 
and can be helpful in the diagnosis and management of patients 
in renal failure. 


Author Abstract 


The radiologic diagnosis of lipomatous pseudotumors of the 
renal sinus. Michel JR, Rouleau Ph, Reboul F, Moreau JF, Affre 
J, Raust JV (15 rue de Sévres, F 75015 Paris. France). Radiol 
Electrol Med Nucl 58:505-512, 1977 


Renal sinus lipomatosis is due to the excessive development 
of the fatty tissue which is normally present in the renal sinus. 
This occurs in renal atrophy due to pyelonephritis, with a 
decrease in the renal parenchyma, resulting in replacement 
lipomatosis. Much less frequently it occurs in kidneys of normal 
or increased size, causing deformity of the pelvicalyceal system 
presenting the appearance of pseudotumors. It is in these cases 
that a correct and conclusive diagnosis is essential so as to 
obviate the errors which result in unnecessary surgery and the 
sacrifice of an otherwise normal kidney. 

The authors believe that a carefully conducted and success- 
fully performed intravenous urogram should suffice to establish 
the diagnosis. Thus angiography should be limited only to those 
cases with significant clinical symptoms and findings which 
could not be explained on the basis of the results of the 
intravenous urogram. 

In a series of 20,000 intravenous urograms performed in a 
4-year-period, there were 246 cases of renal sinus lipomatosis. 
Of these, less than 2096 were diagnosed as pseudotumoral 
lipomatosis. For confirmation, arteriography was performed on 
20 patients: 18 males and two females. Ages ranged from 40-73 
years. 

A predominence of left renal involvement was noted. The 
condition was unilateral in 15 patients in whom only the left 
kidney was involved, bilateral in five patients in whom the 
changes were more pronounced in the left kidney, as compared 
with the contralateral side. Clinical findings on the basis of 
which renal arteriography was performed included hematuria 
(11), renal colic (five), backache (four), arterial hypertension 
(one), urinary tract infection (five), and difficulty in micturition 
(seven). 


William H. Shehadi 


Post-voiding roentgenograms in routine intravenous urogra- 
phy. Brown JP, Beachley MC (Medical College of Virginia, 
Richmond, Virginia 23298). Revista Interam Radiol 2:167-169. 
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A total of 57 patients were studied to determine the validity of 
postvoiding films in routine urography: 41 males and 16 fe- 
males. At the completion of voiding, spot films of the bladder 
were obtained in the upright position and the second spot film 
in the supine position was obtained to see the effect of layering 
of the residual contrast in the bladder. Supine films were 
performed at 3 and 5 min to evaluate how quickly the bladder 
would fill with contrast material from the upper collecting 
System. 
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It was found that in 15 male and four female patients there 
would be a significant error in utilizing the 5 min films to judge 
the degree of voiding. If the postvoiding film cannot be routinely 
obtained promptly after voiding, it is of value only when no 
residual opacified urine is seen. One should not report the 
presence of residual urine, unless one is certain that it was 
obtained immediately after voiding, because of the significant 
potential error in this determination. 


Charles M. Nice, Jr. 


Musculoskeletal 


Skeletal scintimaging and radiography in the diagnosis and 
management of Paget's disease. Wellman HN, Schauwecker 
D, Robb JA, Khairi MR, Johnston C (Indiana University School of 
Medicine, 1100 West Michigan Street, Indianapolis, Indiana 
46202). Clin Orthop 127 :55-62, Sept 1977 


These authors concur with previous researchers that clinical 
radiography is ineffective in assessing the clinical activity of 
Paget's disease. °°"Tc-EHDP was used in 108 patients with 
Paget's disease. Only 67% of the lesions identified by scintimag- 
ing were seen radiographically. Lesions seen only on scintimag- 
ing were early lesions; whereas, lesions seen only on radio- 
graphs were older sclerotic "burned out" type lesions. Scint- 
imaging revealed that the incidence of monostotic lesions was 
low. 


Frederick A. Matsen, III 
Orthopedics, University of Washington 


Subtle transchondral fractures of the talar dome: a radiolog- 
ical perspective. Smith GR, Winquist RA, Allan TNK, Northrop 
CH (Harborview Medical Center 325 Ninth Avenue, Seattle, 
Washington 98104). Radiology 124 :667-673, Sept 1977 


Twenty-one patients with transchondral talar dome fractures 
are presented. Eighteen were between the ages of 16 and 26; 
seven were women. Seventeen cases were considered to be 
inversion injuries. Transchondral talar dome fractures are clas- 
sified by Berndt and Harty as Stage |, small compression 
deformity; Stage II, partially detached osteochondral fragment; 
Stage Ill, detached but undisplaced osteochondral fragment; 
and Stage IV, displaced osteochondral fragment. A total of 300 
cases have been reported in the literature. 

Untreated fractures may become loose fragments. Such a 
trapped loose body between weight bearing surfaces abrades 
articular cartilage and causes early degenerative arthritis. Im- 
mediate removal or immobilization is necessary. Radiologically, 
such fragments must be identified. Secondly, their size and 
position need to be precisely documented. In inversion injuries 
the medial portion of the talar dome abuts on the tibia and the 
lateral portion of the dome on the fibula. In eversion injuries, 
the medial talar dome abuts the medial malleolus, while the 
lateral portion of the talar dome abuts the articular surface of 
the tibia. The radiologic manifestation of such a fracture varies 
from a small area of irregularity due to compression fracture, 
irregularity of the surface with a double density to associated 
malleolar fractures, or impaction fracture of the medial tibial 
plafond. 

The radiologic evaluation of such fractures is achieved by 
routine ankle radiography consisting of enteroposterior, lateral, 
and internal oblique views. Secondly, pluridirectional polyto- 
mography in the lateral position has been found useful in 
evaluating both position and size of the fracture fragment. 
Further delineation of the fracture fragment may be achieved by 
air contrast or double contrast arthrography followed by tomog- 
raphy. 


Asher Nov 
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The radiographic appearance of the acromioclavicular joint in 
old age (in German). Olah J (Roentgenabteilung des Staed- 
tischen Semmelweis-Krankenhauses, Miskolc, H-3529 Miskolc, 
Hungary). Fortschr Geb Roentgenstr Nuklearmed 127 :334- 
337, Oct 1977 


Radiographs of both shoulders in 100 asymptomatic patients 
over the age of 60 were reviewed for abnormalities of the 
acromioclavicular joints. Both acromioclavicular joints were 
abnormal in 92 and normal in six patients; a unilaterally abnor- 
mal acromioclavicular joint was found in two patients. The 
typical changes consisted of sclerosis of the articulating sur- 
faces, marginal new bone formation, hypertrophy of the acrom- 
ial end of the clavicle, irregularity of the superior aspect of the 
acromion, and caudal dislocation of the clavicle. These findings 
are believed to be age related. In addition, in 6996 of the 
patients, one of the following findings was encountered on the 
clavicles along the insertion of the coracoclavicular ligament: 
smooth erosion of the cortex, irregular contour of the cortex, 
localized osseous apposition, or ligamentous calcification. The 
first of those changes, usually thought to be characteristic of 
rheumatoid arthritis, is also felt to be due to old age. 


Peter F. Winter 


Spinal injury at the level of the third and fourth cervical 
vertebrae from football. Torg JS, Truex RC Jr, Marshall J, 
Hodgson VR, Quedenfeld TC, Spealman AD, Nichols CE (Tem- 
ple University Center for Sports Medicine and Science, Phila- 
delphia, Pennsylvania). J Bone Joint Surg [Am] 59:1015-1019, 
Dec 1977 


This fascinating article clearly describes a new entity involving 
acute nonosseous trauma at the level of the third and fourth 
cervical vertebrae resulting from blocking, tackling, and head- 
butting techniques currently used in football. The authors 
describe eight lesions at the C3-C4 level involving intervertebral 
disc herniation, anterior subluxation of the third cervical verte- 
bra on the fourth, unilateral dislocation of the joint between the 
articular processes, and finally bilateral dislocation of the joints 
between the articular processes. The mechanism of injury was 
the use of the top of the football helmet as the primary point of 
contact in high-impact collision in football. The authors suggest 
that different techniques be used in blocking and tackling and 
head-butting to avoid this injury. 

Since this is a very unusual injury and potentially prevent- 
able, radiologists will perhaps be in a position to indicate the 
exact etiology of particular recurrent football injuries and per- 
haps be a force for revising either equipment design or actual 
change in physical contact on the football field. When reviewing 
football injuries of a subtle type careful voluntary flexion and 
extension views specifically to evaluate the midcervical verte- 
brae disc spaces and ligamentous changes may be worthwhile. 
Although all the cases presented were at C3-C4 we assume that 
this injury could occur above or below this level. This article is 
well worth reviewing by radiologists in contact with potential 
football injuries. 


Gerald R. Smith 


Radiographical and pathological assessment of the activity 
of Paget's disease of bone. Milgram JW (Department of Ortho- 
paedic Surgery, Northwestern University School of Medicine, 
303 East Chicago Avenue, Chicago, Illinois 60611). Clin Orthop 
127 :43-54, Sept 1977 


The author summarizes his personal experience with 60 
patients in more than 75 surgical or postmortem specimens in 
analyzing the activity of Paget's disease. In the initial phase, 
radiographs characteristically show a sharply defined junction 
between affected and unaffected bone. Unrefilled resorption 
cavities may be seen as multiple tunnels within the cortex. This 
zone correlated with an area of marked osteoclastic activity on 
pathologic specimens. In the active phase of the disease, active 
osteoclastic destruction and osteoblastic formation of bone 
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produced trabecular derangement and slow enlargement of the 
gross outlines of the involved bone due to periosteal new bone 
formation. This periosteal new bone may closely resemble that 
due to malignant degeneration of Paget's disease. Progressive 
deformities ensue as long as muscular and gravitational forces 
are applied to affected bone. In the inactive phase, the activity 
of osteoblasts and osteoclasts was dramatically reduced. The 
radiographs, however, were essentially identical to those in 
advanced active Paget's disease. The writer found that he was 
unable to predict the elevation of serum alkaline phosphatase 
values from studying the clinical radiographs. 


. Frederick A. Matsen, III 
Orthopedics, University of Washington 


Effect of estrogens and calcium carbonate on bone loss in 
postmenopausal women. Recker RR, Saville PD. Heaney RP 
(Section of Endocrinology, Creighton University School of Med- 
icine, Omaha, Nebraska). Ann Intern Med 87 :649-655, 1977 


This interesting report concerns the treatment of osteopo- 
rosis. The patients were nuns belonging to Catholic religious 
orders in the Omaha area. The patient group was divided into 
three treatment regimens: a control group, a group given 
estrogen plus methyltestosterone 21 days per month, and a 
group which received supplemental calcium as daily oral ther- 
apy. The patients were followed for a 2-year-period and evalu- 
ated with radiographs, bone mass measurements using photon 
absorption and x-ray densitometry, and calcium balance stud- 
ies. The study revealed that skeletal mass decreased in the 
control group but that there was significantly less bone loss 
with either of the therapies. The paper presents many detailed 
aspects of the clinical measurements made to support the 
investigators’ contention that there is indeed a measurable 
benefit from these therapies. As is pointed out, possibly only 
25% of women over the age of 60 will have symptomatic 
osteoporosis. The judgment as to who needs therapy and the 
risk for treating the entire population of postmenopausal 
women is discussed but no conclusions can be reached on the 
basis of available data. This is a particularly valuable study 
because the patient group was carefully followed for a suffi- 
ciently long period to measure a benefit of this form of treat- 
ment. 


David C. Dale 
Medicine, University of Washington 


Nervous System 


A comparison of radiographic and operative findings in her- 
niated lumbar disc (in German). Mohsenipour |, Twerdy K, 
Pirker E (Neurochirurgische Universitaetsklinik, Anichstrasse 
25, A-6020 Innsbruck, Austria). Fortschr Geb Roentgenstr Nu- 
klearmed 127 :540-543, Dec 1977 


The authors' experience with myelography using water-solu- 
ble contrast agents in patients clinically suspected of having 
herniated disc disease is presented. A total of 500 myelograms 
was reviewed. In 415 (83%) cases, definite positive (74.896) or 
definite negative findings (8.296) were present. Myelograms 
exhibiting a complete block as well as large median and lateral 
indentations of the contrast column with dilatation and shorten- 
ing of the root sheaths were considered definitely positive. In 85 
(17%) cases a definite diagnosis could not be made from the 
myelogram: in 34 cases the examination was technically sub- 
optimal and in the remaining 51 (about 1096) cases a diagnosis 
could not be made despite technically adequate radiographs. In 
80% of the cases with an abnormal myelogram, a definite 
abnormality was found at surgery. In 13.4% the cause of 
myelographic compression of root sheaths was spondylotic 
osteophyte formation in conjunction with a bulging disc, and in 
4.8% no definite pathologic finding was encountered by the 
surgeon. The patients with equivocal myelographic findings 
were treated conservatively but came to surgery if clinical 
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findings did not improve or deteriorated. Of the 51 patients with 
equivocal myelographic findings, 27 eventually underwent sur- 
gery. A herniated disc was found in 17 cases; the remaining 
cases exhibited scarring of nerve root sheaths. prominent 
tortuous veins, or abundance of epidural lipomatous tissue, 
which probably accounted for the equivocal myelographic find- 
ings. 


Peter F. Winter 


Coronal computed tomography of the skull and brain in infants 
and children. Part |: Technique and results. Part 2: Clinical 
value. Byrd SE, Harwood-Nash DC, Barry JF, Fitz CR, Boldt DW 
(Hospital for Sick Children, 555 University Avenue, Toronto, 
Ontario M5G IX8, Canada). Radiology 124:705-709. 710-714, 
Sept 1977 


A total of 400 axial scans of the brain were performed. In 50, 
a coronal projection was added after the pre- and postaxial 
scans. Of these, 11 were normal and 39 were abnormal. The 
supplemented coronal cuts were found to be useful in: (1) sellar 
and parasellar lesions with the coronal cut giving a better 
definition of the extent of the lesion; (2) vertically oriented 
lesions —the single coronal cut enabled visualization of the 
lesion which required several axial sections; (3) lesions involv- 
ing the base of the skull and particularly lesions which extended 
into the nasopharynx; (4) better definition of facial lesions with 
intracranial involvement; (5) lesions which were either ill-de- 
fined or questionable on axial scans. Often, lesions were better 
visualized on the coronal scans, possibly due to the greater 
length of time which lapsed between injection of contrast 
material and scanning which allowed for greater absorption of 
contrast material. 


Asher Nov 


Complications of cerebral angiography and pneumography. 
Miller JDR, Grace MG, Russell DB, Zacks DJ (University of 
Alberta Hospital, Edmonton, Alberta, Canada). Radiology 
124:741-744, Sept 1977 


Between 1969 and 1974 the authors performed 1,971 direct 
carotid angiography examinations, 1,035 brachial angiography 
examinations, and 1,542 pneumoencephalography examina- 
tions. Severe complications were classified as: brain damage 
resulting in hemiplegia or other neurological deficit; arterial 
thrombosis necessitating surgery; respiratory difficulty; severe 
allergic manifestations; marked subintimal injection of contrast 
material; death. Mild complications included: extravasation of 
contrast material; minor intimal dissections; hematomas; and 
spasm. 

Mild complications as a result of carotid angiography oc- 
curred at a rate of 4.7% in ages 0-39 years; 4.9% in the 40-59 
age group; 6.7% in the over 60 group. Severe complications 
were 0.5% in ages 0-39; 0.4% in ages 40-59; 1.09% in the 60+ 
age group. Death by ages was 0.196 in the 0-39 group and none 
in the other groups. 

Brachial angiography resulted in mild complications in 3.196 
of the 0-39 age group; 5.4% in ages 40-59; and 0.8% in the 60+ 
group. Pneumoencephalography was related to two severe and 
nine mild complications. A higher incidence of complications 
was correlated with normal angiograms in comparison with 
angiograms with a final diagnosis of cerebral neuroplegia or 
aneurysm. 


Asher Nov 


9 
Femoral neck fractures following water-soluble myelography 
induced spinal seizures. Morrey BF, O'Brien ET (Medical 
Corps, United States Air Force). J Bone Joint Surg [Am] 
59:1099-1100, Dec 1977 


The authors present an unusual, but potentially preventable 
complication which resulted from use of water-soluble myelo- 
graphic media. A 40-year-old male who had a meglumine 
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iocarmate (Dimeray) myelogram sustained severe spinal sei- 
zures approximately 7 hr later. Pain developed in both hips and 
was found to be due to bilateral femoral neck fractures. Because 
the patient had a potential allergy to diazepam, a relatively small 
dose had been given intramuscularly after the first seizure, but 
the myotonic contractures continued until meperidine hydro- 
chloride (Demerol) and hydroxysine pamoate (Vistaril) were 
administered intramuscularly. The myotonic contractures di- 
minished and finally ceased. The authors emphasize that the 
muscle force produced by the spinal seizures of this type may 
be sufficient to produce bilateral fractures of the femoral neck 
and therefore, aggressive antiseizure therapy with either diaze- 
pam or phenobarbital should be instituted early. 


Gerald R. Smith 


Comparison of metrizamide with other myelographic agents. 
Bentson JR (UCLA School of Medicine, Center for the Health 
Sciences, Los Angeles, California 90024). Clin Orthop 127:111- 
119, Sept 1977 


The author briefly reviews the history of myelographic agents 
and reviews his 6-month experience using metrizamide. He 
concludes that metrizamide is superior to pantopaque for lum- 
bar myelography, principally because its lower viscosity allows 
good filling of the nerve root sleeves. Further metrizamide is 
less dense so that more detail is available of the spinal canal 
contents. Thus nerve roots, tumors on nerve roots, and arterio- 
venous malformations in the conus medullaris can be better 
visualized. Similar advantages pertain in the cervical and tho- 
racic area, however, mixing of the agent with cerebral spinal 
fluid may dilute it such that sufficient contrast is not obtained. 
Repeated injections may be contraindicated for fear of toxicity. 
Once the agent is dispersed it cannot be recollected for repeat 
filming as with pantopaque. Complications of metrizamide are 
contrasted with those of other agents; these include headache 
(2096-5096), vomiting (1396), increase in preexisting pain of 
neurological deficits, dizziness, transient problems with urina- 
tion, and significantly, seizures. 


Federick A. Matsen, III 
Orthopedics, University of Washington 


Computed tomography in "Moyamoya". Summary of 16 
cases. Handa J, Matsuda I, Handa H, Nakano Y, Komuro H, 
Okuno T, Aii H (Kyoto University School of Medicine, Kyoto, 
Japan). Brain and Nerve 29: 1067-1074, Oct 1977 


Moyamoya disease is a clinical syndrome of children and 
young adults with multiple progressive intracranial arterial oc- 
clusions and abnormal net-like vessels. Computed tomography 
was performed in 16 patients with this syndrome and findings 
were summarized. In 15 cases preinfusion computed tomogra- 
phy revealed cortical atrophy, often most marked in the frontal 
lobes, slight to moderate ventricular dilatation, and intracere- 
bral low density foci which were often multiple and bilateral. No 
abnormalities were noted in one case before and after contrast 
enhancement. After contrast enhancement, no significant 
change in attenuation value was observed in and around the 
low density foci. Abnormal contrast enhancement was occa- 
sionally observed in the perimesencephalic and pericallosal 
region as well as choroid plexi of the lateral ventricles. Basal 
ganglia areas were enhanced in seven cases by contrast me- 
dium infusion, but increase in attenuation value was slight 
despite rich vascular nets opacified by angiography. The rea- 
sons for this discordance in CT and angiographic findings were 
speculated upon but are unclear at thigtime. 


Hozumi Arii 


Pediatric Radiology 


Radionuclide diagnosis of bleeding Meckel's diverticulum in 
children. Schussheim A, Moskowitz G, Levy L (Long Island 
Jewish-Hillside Medical Center, New Hyde Park, New York). Am 
J Gastroenterol 68:25-29, July 1977 


ABSTRACTS 


Gastrointestinal hemorrhage is a serious complication of 
Meckel's diverticulum and there are major difficulties in making 
a preoperative diagnosis using standard clinical and radio- 
graphic techniques. The typical clinical presentation is massive 
recurrent, painless rectal bleeding in a young male child. 
Failure to identify a Meckel's diverticulum preoperatively causes 
problems in management, since almost half the children with 
unexplained gastrointestinal hemorrhage have no identifiable 
cause found at surgery. Of those cases with an identifiable 
cause, Meckel's diverticulum is found in 80%. The authors 
performed 70 studies over a 3-year period using Tc??" pertech- 
netate and isotope which can display the stomach, as well as 
areas of ectopic gastric mucosa. Five of these had a surgically 
verified diverticulum and none of the negatives were subse- 
quently found to have the entity. A positive study showed a 
discrete localized collection of radioactive material separate 
from the stomach and bladder and usually situated in the right 
lower quadrant. When results are equivocal, data manipulation 
by computer may help to differentiate nonspecific collections of 
radioactivity from a Meckel's diverticulum. Because of its safety 
and availability, the authors suggest this isotopic study as a 
primary diagnostic modality in the investigation of young chil- 
dren with a suspected bleeding Meckel's diverticulum. 


James M. Halls 


Miscellaneous 


Heterophil-negative infectious mononucleosis and mononu- 
cleosis-like illnesses. Laboratory confirmation of 43 cases. 
Horwitz CA, Henle W, Henle G, Polesky H, Balfour HH, Siem 
RA, Borken S, Ward PCJ (Department of Laboratory Medicine, 
Mount Sinai Hospital, 2215 Park Avenue, Minneapolis, Minne- 
sota 55404). Am J Med 63:947-957, 1977 


Infectious mononucleosis is a common infectious disease 
caused by the Epstein-Barr virus. Ordinarily, it is recognized by 
a positive herterophil antibody test or the monospot test in a 
patient with atypical lymphocytes in the blood smear. This 
interesting report is a careful evaluation of 43 patients with an 
infectious mononucleosis-like illness in whom the heterophil 
antibody tests were initially negative. The investigators found 
that there were a few patients in whom the test became positive 
on repeated testing. Seven patients could be categorized as 
having infectious mononucleosis on the basis of finding an 
immunoglobulin specifically directed against Epstein-Barr virus 
antigens in these patients' blood. The largest group of hetero- 
phil negative patients appearing to have infectious mononucle- 
osis actually had cytomegalovirus infections. They found one 
case of rubella, one case of toxoplasmosis, and in four patients, 
despite exhaustive serological studies, no diagnosis could be 
made. 

Ordinarily, patients with infectious mononucleosis-like ill- 
nesses can be readily diagnosed by a simple test. Viral hepatitis 
along with the previously mentioned diagnoses sometimes 
initially masquerades as infectious mononucleosis. As these 
authors point out, acute leukemia and malignant lymphoma 
may also sometimes be confused with infectious mononucleosis 
and failure to do adequate serological tests can lead to unnec- 
essary diagnostic procedures. This report is particularly valua- 
ble because it provides a model for a thorough workup of a 
seriously ill patient in whom infectious mononucleosis is the 
leading diagnostic possibility. 


David C. Dale 
Medicine, University of Washington 


Computed tomography of the breast: a preliminary report. 
Chang CHJ, Sibala JL, Gallagher JH, Riley RC, Templeton AW, 
Beasley PV, Porte RA (University of Kansas Medical Center, 
39th and Rainbow Boulevard, Kansas City, Kansas 66103). 
Radiology 124:827-829, Sept 1977 


Computed tomography scans were performed with a General 
Electric CT/M system designed for breast scanning. The picture 


ABSTRACTS 


matrix is 127 x 127 pixels. The resolution volume for each 
picture point is 1.56 x 1.56 x 10 mm. One centimeter slice 
scans of the breast are performed in 10 sec. Reconstruction 
requires 10 sec per slice. CT numbers range between - 127 to 
* 128 Hounsfield units. The exposure dose to patient's skin is 
240 mrads per breast for the entire procedure. A total of 179 
patients were studied by mammography, thermography, and CT 
scanning. 

CT with contrast enhancement differentiates cancer from 
benign disease. The following list of CT numbers is given. Fatty 
tissue before injection of contrast medium —50; after contrast, 
an increase of less than two units. Ductal and glandular tissue 
* 10 before contrast, after contrast enhancement less than 10 
units increase. Subareolar tissues and nipple, +20 before injec- 
tion of contrast medium and increase of less than 15 units 
following enhancement. CT number greater than 17 raises the 
question of malignancy. Rescanning following contrast en- 
hancement, showing an increase greater than 25 units has been 
found to be diagnostic of malignant lesions while an increase of 
20 may be found in fibrocystic disease. A rapid infusion of 300 
ml of a 3096 solution has been found to give a prolonged peak 
and slow decline contrast medium levels and appears to be the 
most satisfactory modality for contrast enhancement. The au- 
thors find CT helpful in further evaluating questionable mam- 
mographic findings. They feel it is too lengthy a procedure at 
present to utilized as a screening tool. 


Asher Nov 


Gastrointestinal bleeding and vascular calcification in pseu- 
doxanthoma elasticum (in German). Rosenbusch G, Fennis 
FJM, Strijk SP, van Haelst VJG (Roentgendiagnostische Abtei- 
lung, Innere Klinik, Pathologisches Institut der Universitaet, 
Geert Grooteplein, Zuid, Nijmegen, Netherlands). Fortschr Geb 
Roentgenstr Nuklearmed 127:555-559, Dec 1977 


A 42-year-old patient with pseudoxanthoma elasticum is pre- 
sented. The patient underwent visceral angiography because of 
several episodes of upper gastrointestinal bleeding. Co!lections 
of tortuous vessels were demonstrated in the region of the 
gastroepiploic artery and several small arteries in the region of 
the gastric fundus and body exhibited minor changes in caliber. 
There was no extravasation of contrast medium. The patient 
underwent partial gastrectomy with splenectomy. Histologic 
examination of the resected greater curvature of the stomach 
revealed changes in the gastric vessels consistent with pseu- 
doxanthoma elasticum. In addition, radiographs of the hands 
exhibited vascular calcifications and radiographs of the soft 
tissues of the posterior neck demonstrated subcutaneous mi- 
crocalcifications, also consistent with pseudoxanthoma elasti- 
cum. Pseudoxanthoma elasticum is a hereditary disease of the 
connective tissues affecting skin, eyes, and cardiovascular 
system. The radiologist should be familiar with this entity since 
the vascular changes can lead to bleeding from the gastrointes- 
tinal tract, which can be elucidated angiographically. 


Peter F. Winter 


Radiation to the physician, patient, and paramedical person- 
nel during cardiac and vascular special procedures. Amiel A, 
Sobotka F, Philippon L. J Radiol Electro! Med Nucl 58:534-536. 
1977 


The increasing number and complexity of special procedures 
in vascular radiology (selective angiography, coronary angiog- 
raphy, vascular embolization, pacemaker implantation, etc.) 
performed during prolonged fluoroscopy raises the question of 
increasing radiation exposure to patient, physician, and par- 
amedical personnel. The seriousness of this problem is com- 
pounded in that many physicians performing these examina- 
tions are not radiologists and are not fully conscious of the 
importance of radiation protection. 

It was noted that location of an x-ray tube above the examin- 
ing table results in a threefold increase in radiation to the 
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physician as compared with a below the table location. Also 
noted was that dose to the gonads is greater in women than in 
men, in children than in adults, in abdominal procedures than 
In cardiac procedures. Based on personal experience of the 
B and published material, the following data was pre- 
sented. 


Radiation to Patient 


In cardiac angiography, a child receives 5-10 R in the field of 
examination and 125-300 mR to the gonads. During the same 
examination, an adult receives 1.5 R/min of fluoroscopy in the 
field of examination or 40 R/examination. Likewise, the dose to 
the gonads is 35 mR per examination: 0.35 mR/min of fluoros- 
copy. During abdominal angiography, an adult receives 2 R/min 
of fluroscopy or a total of 30 R/examination. The dose to the 
gonads is three times that of cardiac angiography. 


Radiation to the Physician 


Radiation exposure to the physician varies with the protection 
offered by a lead apron. With an apron, radiation averages 2 mR 
to the chest and 5 mR to the gonads. Without the apron, 
radiation to both the chest and gonads is 50 mR, to the right 
hand 15 mR, and to the eyes 15 mR. 


Radiation to Paramedical Personnel 


This varies greatly depending on the location of personnel 
during the procedure and whether or not he wears a lead apron. 
Without a lead apron and staying close to a child throughout 
the examination, the dose to the chest and gonads is 2 mR/min 
to a total of 50 mR/procedure. Wearing a lead apron and 
coming into the room or close to the patient only when needed, 
the dose to the chest, gonads, hand, and head is practically nil. 

The authors stress the importance of strict adherence to the 
recognized standard rules of radiation protection for all in- 
volved. 


William H. Shehadi 


Possibilities and limits of xeroradiography. A critical review 
(in German). Otto R, Wellauer J (Roentgendiagnostisches Zen- 
tralinstitut der Universitaet Zuerich, Kantonsspital, 8091 Zuer- 
ich, Switzerland). Fortschr Geb Roentgenstr Nuklearmed 
127:471-477, Nov 1977 


Based on 6,446 xeroradiographs performed on 2,386 patients 
within a 2'/2 year period, the possibilities and limits of xerora- 
diography are critically evaluated. Compared with conventional 
radiography, xeroradiography provides more information if 
used for examinations of facial bones, breast, axilla, juxtaos- 
seous soft tissues, ribs, larynx/trachea, extremities in a cast, 
and certain soft tissue regions of the neck, and for chest 
tomography; the same information if used for examinations of 
the bones of the extremities, skeletal parts of the hips and 
shoulders as well as for arthrography and angiography; and less 
information if used for examinations of the base of the skull, 
vertebral column, chest, and abdomen/pelvis. 


Peter F. Winter 


Ultrasonics 


Rapid development and spontaneous regression of pancreatic 
pseudocysts documented by ultrasound. Sarti DA. (Harbor 
General Hospital, Torrance, California). Radiology 125:789- 
793, Dec 1977 


Three cases of pancéeatic pseudocyst followed serially by 
ultrasound were found to be more dynamic than has been 
generally thought. A large pseudocyst was formed within 6 
days. Two other pseudocysts regressed spontaneously without 
the catastrophic outcome previously expected. It is suggested 
that the timing and need of surgical intervention of pancreatic 
pseudocyst be reevaluated. 


Steven J. Carter 


1016 


Sonography and conventional radiography for the evaluation 
of postoperative local infections in the upper abdomen (in 
German). Vogel H, Scherer K, Eckert P. Vogel-Karl B (Radiolo- 
gische Klinik, Abteilung Roentgendiagnostik und Chirurgische 
Klinik, Abteilung Allgemeinchirurgie der Universitaet Hamburg. 
Germany). Fortschr Geb Roentgenstr Nuklearmed 127:433- 
459, Nov 1977 


Sonographic and radiographic examinations were compared 
in 32 patients with abscesses or empyemas in the upper abdo- 
men following surgery. Sonographic evaluation consisted of 
longitudinal and transverse sections of the abdomen. Radio- 
graphic evaluation usually included fluoroscopy, plain films of 
the abdomen, and examinations with water-soluble contrast 
agents. In selective cases, endoscopic retrograde cholangio- 
pancreatography or angiography was performed. Sonography 
demonstrated all eight liver abscesses, 11 of 21 upper abdomi- 
nal empyemas, and three abscesses or empyemas in other 
abdominal regions, whereas radiography demonstrated five of 
eight liver abscesses, 16 of 21 upper abdominal empyemas, and 
one of the remaining lesions. The authors conclude that the 
diagnostic evaluation for postoperative local infection in the 
abdomen should begin with sonography if a liver abscess, and 
with radiographic examinations if an extrahepatic abdominal 
empyema or abscess is suspected. 


Peter F. Winter 


The ultrasonic demonstration of gastric lesions. Mascatello 
VJ. Carrera GF, Telle RL, Berger M, Holm HH, Smith EH 
(Harvard Medical School, Boston, Massachusetts). JCU 5:383- 
387, Dec 1977 


Fifteen cases of circumferential gastric antral disease were 
evaluated with gray scale ultrasound: 11 were primary or sec- 
ondary malignancy. Others included lymphoma, corrosive gas- 
tritis, and granulomatous disease. A characteristic ovoid sono- 
lucent mass with a central collection of dense echoes was seen 
in 9396 of the patients. The mass was identified on longitudinal 
scan near the midline below the liver edge and was confirmed 
with a barium study of the stomach. The false positive rate was 
2%. The authors suggest this characteristic ultrasound appear- 
ance necessitates an upper gastrointestinal series to rule out 
gastric pathology. 


Stephen J. Carter 


Problems in the application of ultrasonography for the evalu- 
ation of pleural opacities. Laing FC, Filly R (University of 
California, San Francisco, California). Radiology 126:211-214, 
Jan 1978 


A total of 59 patients with pleural abnormalities on chest 
radiographs were evaluated by B-mode ultrasonography; the 
lesions were categorized as echo-free or complex. Echo-free 
lesions included pleural fluid collections, and abnormalities 
which did not yield "fluid" through an appropriately positioned 
large caliber needle. "Complex appearing" lesions yielded fluid 
through a needle in all cases. Ultrasonography could not accu- 
rately predict which lesions were amenable to successful tho- 
racocentesis. Findings from recent radiographs and clinical 
history must be known when the ultrasonographic findings in 
patients with chest abnormalities are interpreted. 


Author Abstract 


Ultrasonic imaging of normal intrauterine fetal anatomy. Flan- 
igan DJ, Buttny JH (Goleta Valley Corffmunity Hospital, Santa 
Barbara, California 93111). JCU 5:334-337, Oct 1977 


Normal intrauterine fetal anatomy is illustrated using a con- 
ventional gray scale B-mode scanner. The authors point out 
that developing a knowledge of the normal intrauterine fetal 
anatomy is a prerequisite to detecting subtle abnormalities 
prepartum. Organs illustrated include the fetal kidneys, liver, 
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portal venous system, spleen, stomach, gallbladder, urinary 
bladder, aorta, heart, lungs, umbilical vein, brain, and genitalia. 


John D. Denney 


Nuclear Medicine 


Radioisotopic evaluation of biliary-enteric anastomoses (in 
German). Reichelt HG, Pichlmayr R (Radiologie der Medizin- 
ischen Hochschule Hannover, Karl-Wiechert-Allee 9, D-3000 
Hannover 61, Germany). Fortschr Geb Roentgenstr Nuklearmed 
127 :567-571, Dec 1977 


Following injection of °™Tc Sn-2,6-diethylacetanilidoimino- 
diacetate, sequential hepatobiliary scans were performed with a 
high resolution camera on 25 patients with biliary-enteric anas- 
tomoses. Representative cases illustrate the value of the method 
for evaluation of the functional status of biliary-enteric anasto- 
mosis and for recognition of early and late postoperative com- 
plications. 


Peter F. Winter 


The value of radioisotope scanning in bone metastasis. 
Robillard J (Centre Francois Baclesse, 14000 Caen, France). J 
Radiol Electro! Med Nucl 58:722-725, Nov 1977 


To determine the accuracy and advantages of bone scanning 
over radiography in the detection of bone metastasis a compar- 
ative study was done on 1,467 patients with malignant 
disease.?9?"Tc Sn pyrophosphate, a short lived bone seeking 
isotope was used. Data was obtained from five cancer treatment 
centers: Caen, Angers, Montpellier, Strasbourg, and the Curie 
Foundation. The number and type of cases contributed by each 
hospital varied, likewise the stage of cancer, and the extent of 
metastatic bony involvement. Carcinoma of the breast was the 
predominant tumor. Every patient was examined both by bone 
scanning and by radiography. Invariably the presence of meta- 
static disease was detected by bone scanning long before it 
could be radiologically demonstrated. The figures from the 
different hospitals consistently demonstrate the superiority of 
scanning over radiography. This is well illustrated in one series 
of 368 cases of breast carcinoma where bone scanning was 
positive for metastasis in 6196 of the cases while radiography 
was positive in only 26%. Reports from the other hospitals 
present only slight variations from these figures. 

In a selected series of 97 patients (breast 50, prostate 19, 
esophagus four, bronchus seven, uterus six, lymphoma three, 
other six) from the François Baclesse Hospital, metastatic 
disease diagnosed by bone scanning was confirmed by bone 
biopsy and histologic examination. In an overall evaluation of 
tumor metastasis the author stresses the importance of deter- 
mining the number of bones involved in each patient, rather 
than the total number of patients who suffer from metastatic 
disease. 

It is pointed out that the most significant advantages of 
radioisotopic bone scanning are: (1) early and accurate detec- 
tion of bony metastasis long before the lesions can be demon- 
strated by radiography; (2) to determine incidence of false 
positives with a maximum margin of 5% error; (3) accurate 
localization of metastatic lesions facilitating a direct approach 
for bone biopsy and a histologic diagnosis of the bone tumor; 
(4) a reliable follow-up method for determining the effectiveness 
of radiation therapy to bony metastasis— demonstrating gradual 
regression or complete disappearance of the metastatic bone 
lesions after radiation therapy. 


William H. Shehadi 


Abnormal scintigrams in demyelinating diseases of the brain 
(in German). Podreka |, Heiss WD, Jellinger K (Neuro-Nuklear- 
medizinische Abteilung der Neurologischen Universitaetsklinik, 
Lazarettgasse 14, A-1097 Wein, Austria). Fortschr Geb Roent- 
genstr Nuklearmed 127 :550-554, Dec 1977 


ABSTRACTS 


Brain scintigraphy revealed areas of increased activity in six 
patients with acute or exacerbating demyelinating disease and 
in two patients with Schilder's disease. These areas of increased 
activity cannot be distinguished from other localized cerebral 
processes, but the clinical course result of the examination of 
the cerebrospinal fluid, and rapid resolution of the scintigraphic 
findings on follow-up scans should indicate a demyelinating 
disease process. In addition, the typical pattern of symmetrical 
uptake progressing from the occipital to the frontal lobes on 
subsequent scans should suggest Schilder's disease. 


Peter F. Winter 


Radiation Oncology 


Optic nerve glioma: the role of radiation therapy. Montgomery 
AB, Griffin T, Parker RG, Gerdes AJ. (T. Griffin, University of 
Washington Hospital, Seattle, Washington 98105). Cancer 
40:2079-2080, Nov 1977 


The authors review the results of radiotherapy of 16 patients 
with optic nerve glioma (15 with biopsy) studied between 1962 
and 1975. The most commonly delivered dose was 5,000 rad. All 
patients receiving at least 5,000 rad survived, but only three of 
seven patients receiving less than this dose survived. Seventy- 
five percent of the biopsied patients had an increase in their 
visual defect after craniotomy. Vision was improved or pre- 
served in all surviving patients. No cataracts were seen in the 
study group. 


Herbert C. Berry 


The effect of postoperative radiotherapy in breast cancer. 
Host H, Brennhovd IO (Norwegian Radium Hospital, Oslo, 
Norway). /nt J Radiat Oncol Biol Phys 2:1061-1067, Nov-Dec 
1977 


The authors report the results of a randomized controlled 
Clinical trial carried out from 1964 to 1972 of 1,090 patients. 
Treatment was 200 kV, HVL 1.5 mm Cu from 1964 to 1967 and 
°°Co from 1968-1972. The orthovoltage exposures were 1,800 to 
3,600 R. The $?Co dose was 5,000 rads at D}. Ovarian irradiation 
was also carried out as part of the primary treatment in all pa- 
tients with an ovarian exposure of 650-700 R. No effect of post- 
operative irradiation was shown in the Stage | patients with 
respect to survival, disease-free survival, local recurrence, re- 
gional, and distant metastases. 9?Co irradiation in Stage Il pa- 
tients improved 5-year survival compared to the orthovoltage 
patients (5% < p < 7.5%) and significantly improved 5-year 
survival in patients with four or more positive axillary nodes 
(2.5% < p < 5%) compared to orthovoltage patients. Reduction 
of local and regional recurrences was also noted in the ®°Co 
Stage Il group. 


Herbert C. Berry 


Endometrial carcinoma: analysis of failures with special em- 
phasis on the use of initial preoperative external pelvic radia- 
tion. Salazar OM, Feldstein ML, DePapp EW, Bonfiglio TA, 
Keller BE, Rubin P, Rudolph JH (University of Rochester Cancer 
Center, 601 Elmwood Avenue, Rochester, New York 14642). Int 
J Radiat Oncol Biol Phys 2:1101-1107, Nov-Dec 1977 


This series contains a detailed analysis of 75 failures occu ring 
in 364 patients with endometrial carcinoma. Initial surgery was 
performed in 126, preoperative irradiation in 201, and irradiation 
alone in 37. Vaginal failures were eliminated in the Stage | and 
Il patients receiving preoperative irradiation. Overall vaginal 
failure rates were 14%, 1% and 11% in the surgery only, 
preoperative, and irradiation alone groups, respectively. Total 
overall failure percentages were 28%, 10%, and 51%, respec- 
tively. A significant difference (p — 0.05) in failure rates was 
seen when Grade Ill tumors were compared with either Grades 
| or Il. Thirty-one percent of the localized pelvic failures then 
irradiated were alive with an average survival of 61 months 
versus 7% and 36 months in the supportive care only group. 
About '/ of the failures occurred intrapelvically (23 of 35 surgery 
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only, nine of 21 preoperative, eight of 19 irradiation alone). The 
pelvic failure rates for the three groups were 18%, 4% and 22%, 
respectively. 


Herbert C. Berry 


Electron beam treatment of malignant tumors of the salivary 
glands. Soni SC, Khan FR, Paul JM, Ovadia J (333 North 
Madison Street, Joliet, Illinois 60435). J Radiol Electrol Med 
Nucl 58:677-679, Nov 1977 


The authors report on 14 patients with Salivary gland tumors 
treated between 1962 and 1970. Based on their experience they 
recommend conservative surgery followed by postoperative 
radiation therapy. The bulk of the tumor mass was removed in 
all patients leaving definite gross and microscopic residual 
disease. The facial nerve was preserved in each case. Surgery 
was followed by radiation therapy using a 15-20 Mev linear 
accelerator delivering 200 rads a day, 5 days a week, for 36-51 
days. Eleven of the 14 patients survived 5-10 years. Three 
patients died early from metastatic disease. All patients experi- 
enced a skin reaction which varied from dry desquamation to 
moist erythema. One patient developed buccal mucositis. While 
the survival rate was gratifying, the occurrence of skin reaction 
was disturbing. In the interest of sparing the skin the authors 
recommend a total dose of 6,000-7,000 rads from combined x- 
ray therapy and a 6 Mev electron beam therapy:- 4,500 rads by 
x-ray therapy (kv not stated) followed by 1,500-2,500 rads 
electron beam therapy, or the reverse, delivering 4,500 rads 
from a 6 Mev electron beam therapy unit followed by 1,500- 
2,500 rads of x-ray radiation. 


William H. Shehadi 


Sequential pathologic staging of untreated non-Hodgkin's 
lymphomas by laparoscopy and laparotomy combined with 
marrow biopsy. Castellani R, Bonadonna G, Spinelli P, Bajetta 
E, Galante E, Rilke F (F. Rilke, Instituto Nazionale Tumori, Via 
Venezian 1-20133 Milan, Italy). Cancer 40:2322-2328. Nov 1977 


A selected series of 119 patients with non-Hodgkin's lym- 
phoma staged by two combined surgical diagnostic procedures 
(laparoscopy plus needle marrow biopsy, and laparotomy plus 
open marrow biopsy) are described. Forty-seven percent of the 
patient group had LPD histology, 20% histiocytic, and 22% 
mixed. Of the total group, 68% was the diffuse pattern. Stage 
modification occurred in 38% (45/119) after laparoscopy/needle 
marrow biopsy. Of the 80 patients with negative extranodal 
findings on laparoscopy/needle marrow biopsy, 21 (26%) un- 
derwent stage modification after laparotomy/open marrow bi- 
opsy. The initial surgical procedures were able to detect extra- 
nodal lymphoma in 89% of the ultimate Stage IV patients. 


Herbert C. Berry 


Detection of prostatic cancer by solid-phase radioimmunoas- 
say of serum prostatic acid phosphatase. Foti AG. Cooper JF, 
Herschman H, Malvaez R. R., Reprints: Dr. Andras G. Foti. 
Department of Research, (Southern California Permanente 
Medical Group, 4955 Sunset Boulevard, Los Angeles, California 
90027). N Engl J Med 297:1357-1361, Dec 1977 


The authors have compared the use of their radioimmunoas- 
say for quantitation of human prostatic acid phosphatase in 
serum versus the standard enzyme assay in 113 untreated 
patients with prostatic cancer, 50 normal male controls, 83 
patients with other cancers, 36 patients with benign prostatic 
hyperplasia, 20 with ga$trointestinal disorders, and 28 with total 
prostatectomies. The radioimmunoassay diagnosed prostatic 
cancer in 33%, 79%, 71%, and 92% of Stage |, Il, Ill, and IV 
prostatic cancer patients versus 12%, 1596, 29%. and 60% 
diagnosed via serum enzyme elevations. No false-positive im- 
munoassays were recorded in the normal controls but some 
false-positives occurred in the other groups. 


Herbert C. Berry 
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A time-span survey of carcinoembryonic antigen responses in 
radiotherapeutic patients. Ito K, Isii K, Horiike S, Hashimoto S 
(Kitasato University, Tokyo, Japan). Nippon Acta Radiol 37:778- 
783, Aug 1977 


Carcinoembryonic antigen (CEA) is one of the fetal proteins 
produced by various malignant tumors. CEA values were as- 
sayed in 90 cases with malignant neoplasms before, during, and 
after irradiation. The method used in this study was the Hansen 
radioimmunoassay, Z-gel method. CEA value of 5.0 ng/ml was 
considered to be the upper limit of normal. Ten of the 14 
patients who received irradiation with CEA values higher than 5 
ng/ml had poor prognoses. In contrast, 59 of 69 patients whose 
values were below 5 ng/ml had good prognoses. The CEA 
responses to irradiation had a good correlation to the clinical 
courses. CEA values during and after irradiation may be used to 
estimate the prognosis of patients with malignant tumors. 


Hozumi Arii 


An evaluation of lymphography in localized carcinoma of the 
prostate. Spellman MC, Castellino RA, Ray GR, Pistenma DA, 
Bagshaw MA (Stanford University School of Medicine, Palo 
Alto, California). Radiology 125:637-644, Dec 1977 


The authors report on the use of lymphangiography in the 
staging of prostatic carcinoma patients. Seventy-one patients 
were studied from November 1971 to September 1976. A staging 
laparotomy was performed, with selective lymph node biopsies, 
within 2 weeks of the lymphangiogram in 69 patients, 28 of 


ABSTRACTS 


whom (4196) had histologically proven lymph node metastases. 
Twenty percent of the Stage B and 64% of the Stage C patients 
had lymph node metastases. Analysis by site revealed an overall 
accuracy of 85%, a sensitivity of 45% and a specificity of 97976. 
No significant difference in the accuracy of lymphographic 
interpretation was evident between any of the defined lymph 
node areas. 


Herbert C. Berry 


Radiobiology 


Effect of radiation and contrast media on chromosomes: 
preliminary report. Adams FH, Norman A, Mello RS, Bass D 
(UCLA School of Medicine, Los Angeles, California 90024). 
Radiology 124 :823-826, Sept 1977 


Measurements of chromosome aberrations or micronuclei in 
lymphocytes obtained from seven patients indicate that angio- 
cardiography produced chromosome damage corresponding to 
an average absorbed dose of about 50 rads. This is an order of 
magnitude larger than was estimated from the exposure rate. 
Experiments on lymphocytes suspended in solutions of methyl- 
glucamine and sodium diatrizoate (Renografin) or sodium dia- 
trizoate alone (Hypaque) indicate that the chromosome damage 
observed in the patients is due in large part to two effects: (a) 
an increased absorption of x rays as compared to blood, and (b) 
a breakage of chromosomes even in the absence of x rays. 


Author Abstract 


Book Reviews 


Atlas of Carotid Angiography. By M. Takahashi. Tokyo: Igaku Shoin, 492 pp., 1977. 22,000 yen 


Takahashi attempts to present basic concepts of carotid 
angiography in a concise and clear manner. bridging the gap 
between a fundamental neuroradiology text and more advanced 
compendiums. Numerous cases are used in which angiography 
has provided detailed information which has helped in diagno- 
sis. 

After a short history of carotid angiography, the atlas de- 
scribes techniques of angiography including angiotomography, 
stereoscopy, and magnification radiography. Arteriographic 
and venous anatomy of the cerebral circulation are covered 
thoroughly. Attention is given to both normal and anamolous 
situations as well as pathologic entities. When necessary, ver- 
tebral angiograms are included to augment the findings in the 
anterior circulation. Along with each figure is a succinct de- 
scription of the angiographic features with the necessary clini- 
cal and pathologic information. All angiograms are subtracted 
and labeled with arrows for easy identification of the illustrated 
points. Figures are generally of superior quality. In addition, 
there is good use of line drawings. 

A brief chapter on the statistics of intracranial tumors is 
followed by the angiographic manifestations of the supratento- 
rial space-occupying mass lesions. Intracranial tumors are cov- 


ered in a very systematic manner. Frontal, parietal, temporal, 
and occipital tumors are illustrated, as are intraventricular, 
hypothalamic, and sellar tumors. A chapter is devoted to extra- 
cranial tumors including juvenile angiofibromas, chemodecto- 
mas, orbital tumors, and miscellaneous entities such as cervi- 
cal, calvarial, and base of skull tumors. 

Takahashi also discusses vascular disease including aneu- 
rysms, arterial venous malformations, carotid cavernous fistu- 
lae, athersclerosis, and intracranial hemorrhage. There is also a 
discussion of inflammatory diseases, including intraparenchy- 
mal and extraaxial fluid collections. The last chaper is devoted 
to developmental anomalies. References are grouped at the end 
of the book and, although not exhaustive, are up to date. There 
is also a short subject index and list of cases. 

This atlas is of very high quality but should in no way be 
thought of as a substitute for basic neuroradiology textbooks. 
Teaching libraries will want to consider acquiring this volume 
as a companion to the Atlas of Vertebral Angiography by the 
same author. 

Laurence D. Cromwell 
University Hospital 
Seattle, Washington 98195 


Endoscopic Retrograde Pancreate-Cholangiography (ERCP). By H. Anacker, H. D. Weiss, and B. Kramann. Berlin: 


Springer-Verlag, 123 pp., 1977. $29.50 


This book is one of the first devoted exclusively to the 
endoscopic retrograde approach to the pancreatic and biliary 
systems. It was written by three experienced and eminently 
qualified workers in endoscopic-radiographic imaging. The text 
is well organized and includes chapters on the history of 
pancreatography and endoscopic and radiographic techniques. 
Indications, contraindications, and complications of endo- 
scopic retrograde cholangiopancreatography are analyzed. The 
normal radiographic anatomy and physiology of the pancreatic 
duct is portrayed by static and sequential filming as well as 
endoscopic pressure recording. The radiographic manifesta- 
tions of aging and developmental anomalies affecting the pan- 
creatic ductal system are described. These discussions serve as 
a basis for sections dealing with the benign and neoplastic 
conditions affecting the pancreas. A chapter dealing with en- 


doscopic retrograde cholangiography in diagnosing diseases of 
the biliary tract is also included. The final chapter offers a 
comparison of the endoscopic approach with other radio- 
graphic examinations of the pancreas. Ultrasound and com- 
puted tomography were not widely available while the book 
was being written; comparison with these modalities is not 
made. 

The text was printed in Germany and occasionally suffers 
from imprecise translation and inadequate proofreading. How- 
ever, these deficits detract minimally from the book's overall 
importance as a source on endoscopic imaging, its excellent 
organization, and high quality illustrations. 

Charles A. Rohrmann, Jr. 
University Hospital 
Seattle, Washington 98195 


The First European Seminar on Computerised Axial Tomography in Clinical Practice. Edited by G. H. du Boulay and 


|. F. Moseley. Berlin: Springer-Verlag, 430 pp., 1977. $34 


This book is a composite of papers presented at a European 
seminar on use of CT in clinical practice. A diversity of topics is 
covered with only a limited amount of redundancy. Most con- 
tributors are European, although some were Americans. The 
conference took place in London in early 1977, and the book 
was published shortly thereafter. This paperback is in English 
and has 335 figures and illustrations. The CT scans are oriented 
so that one is looking cephalad-caudally in the head, and the 
reverse for the body scans. 

Approximately two-thirds of the articles are concerned with 
the head, one-fifth with the body, and the remainder cover the 
spine, instrumentation, and physics. Thus there is a relative 


.40 
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paucity of information concerning the abdomen, which is dis- 
appointing but not unexpected since body scanning is relatively 
new. The articles cover normal anatomy and many pathologic 
conditions of the brain and orbit. In the few areas of overlap, 
there is some disagreement, which is also expected since CT of 
the central nervous system is still in its infancy. There is 
incomplete coverage of topics relevant to the body. For exam- 
ple, there is no significant coverage of the kidneys, and little 
coverage of pathology of the chest. 

In general, the illustrations are good, and a few are excep- 
tional. As indicated in the title, clinical aspects of CT are 
emphasized. Most topics are relevant to the radiologist, but a 
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few apply to the internist, neurologist, or neurosurgeon. Al- 
though most of the papers have pertinent theories and conclu- 
sions, a few seem already outmoded. 

Because the book was compiled rapidly, the scattered gram- 
matical and typographical errors are understandable. The book 
has a 6 page index which is quite helpful. Many of the papers 
originate in England, and a few authors have contributed 
several papers. Two individuals were each involved with seven 
papers of the 58 in the book. 

Most articles are easy to understand and are presented in a 


straightforward manner. The book is well organized and pro- 

gresses in a logical fashion. | believe the most outstanding 

feature is the rapidity of its publication together with the 

generally good quality. The volume would enhance knowledge 

of CT for the radiologist or clinician, although | do not recom- 

mend it as required reading for the radiology resident or the 
radiologist in private practice. 

Harris Newmark, III 

Century City Hospital 

Los Angeles, California 90067 


The Physical Principles of Diagnostic Radiology. By P. Sprawls, Jr. Baltimore: University Park Press, 365 pp., 1977. 


$24.50 


This book is a welcome addition to the currently available 
textbooks designed for teaching physics to residents in diag- 
nostic radiology. The first sections are on basic physics, includ- 
ing the structure of matter, radiation quantities, and units. Here, 
as throughout the book, Sprawls assumes no background in 
physics and introduces all material necessary to understanding 
the concepts. These introductory sections are followed by 
chapters on the production of x-rays and a lengthy discussion 
on the design and function of diagnostic x-ray equipment which 
focuses on principles rather than hardware. Next Sprawls con- 
siders the nature of x-ray imaging, scattered radiaton, film 
characteristics, and image quality in radiography. Other sec- 
tions are on image intensifiers and fluoroscopy, tomography 
(including CT), patient exposure, radiation safety, ultrasound, 
and an appendix on mathematical relationships in radiology. 

This text is now in use at my institution for a course in physics 
for residents, and we have been pleased with it. The strongest 
feature is its clarity and simplicity. Because many activities 
compete for a resident's time, a textbook will not be accepted 
unless it is relatively easy to read and to understand. Sprawls 
has obviously spent a great deal of time arranging the material 
in a manner that makes it easy to understand. Although experi- 
enced teachers will have different ideas for some sections, the 


book as a whole is a model for the teaching of physics to people 
with little background in the subject (and often with little 
interest). 

A second noteworthy feature is the illustrations by Jake D. 
Paulk. Many of these form an intergal part of the presentation 
of the text material, and their quality greatly enhances the 
presentation. Other highlights are the chapter on ultrasound 
and an index which is unusually complete. 

The weakest part of the text is the tendency by Sprawls to 
teach some material by definition; that is, certain terms are 
presented and defined with little discussion of the physics or 
their relationship to radiology as a whole. The section on 
tomography slights conventional tomography, while the section 
on computed tomography is, as one might expect, somewhat 
out of date. Finally, since this is the first edition, there are a few 
minor errors in the text and index. 

Our residents have been very enthusiastic about this text. In 
the past it was sometimes difficult to get them to read a textbook 
at all. This year several of them have finished the book on their 
own long before they were required to. 

G. Donald Frey 
Medical University of South Carolina 
Charleston, South Carolina 29401 


Radiologic Physics: Equipment and Quality Control. By W. R. Hendee, E. L. Chaney, and R. P. Rossi. Chicago: Year 


Book Medical Publishers, 289 pp., 1977. $18.75 


Diagnostic radiology is among the most rapidly advancing 
fields of clinical medicine. High power x-ray generators, auto- 
matic brightness controlled fluoroscopic units, high resolution 
television display systems, rapid imaging techniques such as 
photo-spot filming, and CT scanners indicate an increasingly 
technical complexity in radiology which is directed toward 
obtaining more diagnostic information. Added information can 
be achieved, however, only if the increased sophistication of 
the equipment is accompanied by a heightened understanding 
of the equipment and its application to clinical radiology. The 
book is directed toward this goal. 

The text is prepared in three parts. The first is concerned with 
aspects of radiologic physics that seem most fundamental to an 
understanding of radiologic equipment and procedures. Topics 
such as electrical motors and generators, and radiation sources 
and equipment used in therapeutic radiology are therefore not 
covered extensively. Instead, subjects such as x-ray production, 
radiation safety, radiobiology, and the @haractristics of x-radia- 
tion and its interactions are treated in more depth than normally 
encountered in an introductory textbook. 

In the second part, the characteristics of radiologic equip- 
ment are explored in detail. Understanding these characteristics 
is essential to consistent production of satisfactory radiologic 
images and to maximum utilization of technical innovations in 
diagnostic radiology. This section is noteworthy in that attention 


is focused on the use of control knobs and switches mounted 
on typical x-ray equipment and on how these knobs and 
switches affect the x-ray beam and the resulting radiologic 
image. The properties of various image receptors and how they 
affect the radiologic image are also discussed, as are recent 
innovations such as rare earth screens, xerography, computed 
tomography, and electron radiography. 

The third part of the text is devoted to image quality and 
quality control in diagnostic radiology. Appreciation of a 
properly exposed and displayed radiologic image is essential to 
recognition of technical and procedural problems that interfere 
with obtaining an acceptable image during every radiologic 
examination. Reduction of these problems is the topic of the 
chapter devoted to quality control. Along with the rapidly 
increasing sophistication of diagnostic radiologic equipment, a 
growing awareness is developing of the need for adequate 
quality control measures during equipment use. Procedures to 
help satisfy this need are described in the final two chapters. 

The volume is well written and would make an excellent 
reference for all technologists interested in obtaining consist- 
ent, high quality radiographs. 

William E. Moore 
University Hospital 
Seattle, Washington 98195 
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Manuel de Techniques Radiographiques du Crane (Manual of Radiographic Techniques of the Skull). By. G. Korach 


and J. Vignaud. Paris: Masson & Cie, 144 pp., 1977. 120 FF 


Part 1, approximately one-fourth of the book, is devoted to a 
general discussion of the basic principles of radiography. In- 
cluded are such topics as radiologic optics, quality of the 
image, tomography, magnification, stereoradiography, and a 
definition of the terms used in various projections. Part 2 is 
devoted to the radiographic projections used in the examination 
of the skull and facial bones. 

Korach and Vignaud chose a rather unconventional ap- 
proach. Instead of describing all the projections (anteroposte- 
rior, posteroanterior, lateral, oblique, tangential, etc.) needed 
for a complete examination of a specific bone, area, or segment 
of the skull, they present all the bilateral symmetrical projec- 
tions of the entire skull in one section, all the lateral projections 
of the skull in one section, and in a third section, special 
unilateral projections for a given bone or area. This "segmen- 
tation" results in loss of continuity and does not enhance the 
flow of the material. 

Part 1 abounds in line drawings, presenting the elements of 
physics and technique which serves as a basis for the radio- 
graphic projections discussed in part 2. Here there is a certain 
redundancy, since some of the material is quite elementary. 
Part 2 gives a detailed description of many projections used in 
radiography of different parts of the skull. These are amply 
illustrated with line drawings and companion illustrative radio- 
graphs obtained by using the same projection. Some of these 


projections are standard, internationally accepted and used. 
Others have received limited acceptance or are not likely to be 
used outside the immediate circulation area of this French 
language text. Some of the recognized standard projections are 
not included. In the examination of the mastoid, only the 
Schüller projection is described. This is a semiaxial lateral 
projection for examination of the petrous region in which the 
mastoid is included. Omitted, among others, are the Law. 
Mayer, Granger, and Lysholm projections. These are some of 
the shortcomings of this book. 

On the plus side one finds two useful tables at the end of the 
book. The first lists, in four parallel columns, the canals and 
orifices at the base of the skull, the cranial nerves and compan- 
ion structures which emerge through these orifices, the clinical 
manifestations (syndromes, signs, symptoms of pathologic con- 
ditions involving these cranial nerves), and the recommended 
radiographic projections. The second table lists the regions of 
the skull which are to be radiographed and the optimal projec- 
tions for the examination of each area. 

This manual may be a helpful reference for instructors en- 
gaged in training x-ray technologists. 

William H. Shehadi 
27 Byram Shore Road 
Greenwich, Connecticut 06830 


Pediatric Oncologic Radiology. Edited by B. R. Parker and R. A. Castellino. St. Louis: Mosby, 451 pp., 1977. $39.50 


Advances in the treatment of certain childhood malignancies 
mainly in the area of chemotherapy have resulted in dramatic 
increases in survival in the past few years. Concomitantly, 
newer noninvasive diagnostic modalities including echography, 
scintigraphy, and computed tomography have been introduced 
and/or refined, providing more accurate diagnostic information 
and anatomic staging in these patients. Coordination among 
the pediatric oncologist, radiation therapist, surgeon, and ra- 
diologist has appropriately fostered the development of a team 
approach to the management of children with malignant dis- 
eases, resulting in more logical utilization of both diagnostic 
and therapeutc techniques. This book represents a timely syn- 
thesis of these developments focused on diagnostic imaging 
techniques. 

Individual chapters were contributed by distinguished radiol- 
ogists who have considerable expertise in their respective fields 
and extensive personal or institutional experience with the 
disease or modality discussed. The first one-third of the book 
consists of chapters on diagnostic procedures in children in- 
cluding angiography, neuroradiology, lymphography, nuclear 
medicine, and echography. These generally discuss practical 
aspects of applying the techniques to pediatric patients for the 
practicing radiologist but do not attempt exhaustive coverage 
of these areas. Uses and indications for specific procedures are 
discussed at a level understandable and helpful to the clinician. 
Risks and complications of the invasive procedures and bio- 
physical effects of ultrasound are particularly well described. In 
the rather superficial chapter on neuroradiology a surprisingly 
lengthy section on the historical and technical aspects of 
computed tomography is presented, yet there is no discussion 
of radiologic evaluation of the spinal canal. Although scintigra- 
phy of the brain using *""Tc pertechnetate is advocated through- 


out the book, many nuclear medicine laboratories have found 
?" Tc glucoheptonate to be clearly superior. 

The remaining chapters consist of discussions on the major 
malignant diseases of children including leukemia, Hodgkin's 
disease, lymphoma, histiocytosis-X, Wilms' tumor, neuroblas- 
toma and other adrenal neoplasms, hepatic neoplasms, central 
nervous system tumors, bone tumors, and rhabdomyosarcoma. 
Each chapter briefly describes clinical, pathologic, and thera- 
peutic aspects of the disease and provides a more detailed 
presentation of the radiologic findings related both to the 
primary disease and complications of treatment. A summary of 
the recommended radiologic approach concludes each chap- 
ter. 

Generally the text is lucidly written, and illustrations are well 
selected and of good to excellent quality. Notable exceptions 
are figures 11-6, 11-10, and 11-11 on pages 247-251, which 
have annoying reproduction artifacts. It is peculiar that whole 
lung tomograms are advocated for the evaluation of Hodgkin's 
disease, yet stereoscopic chest radiographs are recommended 
for detection of pulmonary metastases from Wilms' tumor. 
Other pediatric centers avoid these techniques in favor of 
oblique views. A clear presentation of hepatic vascular anatomy 
is an appropriately detailed section which complements the 
importance placed on angiography in the management of liver 
tumors. An extensive, systematic discussion of patterns of 
destruction, periosteaé reaction, and tumor calcification in pri- 
mary bone neoplasms is a very basic and useful section. 
Discussion of the differential diagnosis of radiographic abnor- 
malities is generally omitted intentionally. There is essentially 
no attempt to include computed tomography of the body, but a 
thorough assessment of the role of this new imaging modality 
in pediatric radiology will require more experience. 
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This book is certainly an excellent introduction to the radiol- 
ogy of childhood malignancies for the resident, pediatrician, 
and radiologist. Although not encyclopedic, it will be a valuable 
reference for the radiologist who deals infrequently with chil- 
dren. Probably the best aspect of the book is its emphasis on a 
logical, systematic, and cooperative approach to the diagnostic 
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evaluation of children with neoplasms. Hopefully a reduction in 

unnecessary, costly, and potentially harmful examinations can 
result from this approach. 

Joel D. Blumhagen 

Children's Orthopedic Hospital and Medical Center 

Seattle, Washington 98105 


Chemotherapy of Solid Tumours. Report of a WHO Expert Committee. Technical Report Series 605. Geneva: World 
Health Organization, 106 pp., 1977. $4. (ISBN 92 4 120605. Available U.S. from WHO Publications Center, 9 Sheridan 


Ave., Albany, N.Y. 12210) 


This soft-covered report is an elementary manual dealing with 
solid tumor chemotherapy. The first 25 pages superficially 
outline some general basic concepts of cancer therapy such as 
cell kinetics, pharmacokinetics, single agent and combination 
chemotherapy, and multimodality treatment. The middle one- 
third of the book evaluates use of various chemotherapeutic 
agents in carcinomas of the breast, lung, gastrointestinal tract, 
female reproductive tract, genitourinary tract, head and neck, 
skin, and central nervous system. In addition, there are sections 
on sarcomas and pediatric tumors. The final 33 pages attempt 
to explain new approaches to cancer as well as background 
information on drug development and clinical trials. 


This book is a very elementary manual of solid tumor chemo- 
therapy and gives only superficial treatment to the complex 
problems associated with multimodality care. It could be used 
as a teaching aid for medical students, but there are several 
better organized books already available. The lack of depth of 
information makes it inadequate as a practical guide to solid 
tumor chemotherapy. 

Thomas W. Griffin 
University Hospital 
Seattle, Washington 98195 


The Urinary Tract. Advanced Exercises in Diagnostic Radiology. vol. 10. By A. Walsh and J. G. McNulty. Philadelphia: 


Saunders, 104 pp., 1977. $6.95 


This exercise in diagnostic radiology is short, yet pleasurable; 
only a few hours are required for perusal. However, the most 
erudite of our colleagues may gain nothing more than enjoyable 
reading. 

This paperback manual is essentially an interesting teaching 
file related to the urinary tract. It is difficult to recognize any 
semblance of organization; however, the presented cases range 
from a solitary cyst of the kidney to urinary schistosomiasis. The 
time-honored and tried method of employing prone and upright 
films to demonstrate points of obstructive uropathy are asked 
to step back in line behind the procedure of injecting 40 mg of 


furesemide and taking another film 10 min later. Is this the 
uroradiologist's answer to the gastrointestinal radiologist's use 
of glucagon? 

All levity aside, the majority of the 96 illustrations are highly 
acceptable. Most practicing and aspiring radiologists enjoy 
occasional diagnostic challenges. This quest can be inexpen- 
sively fulfilled in a short period of time with this publication. 

J. Ken Aston 
Craighead Memorial Hospital 
Jonesboro, Arkansas 72401 


Radiation Protection Design Guidelines for 0.1-100 MeV Particle Accelerator Facilities. NCRP Report no. 51 
Washington, D.C., National Council on Radiation Protection and Measurements, 159 pp., 1977. $5 


Many types of accelerators of charged particles, with ener- 
gies from 0.1 to 100 MeV, have found broad application in 
research, medicine, and industry. This report, intended as a 
practical guide to what is currently considered good practice in 
radiation protection at such facilities, should thus have an 
equally broad readership. Although it is written from an engi- 
neering point of view and is directed mainly at designers of 
accelerator facilities, with recommendations concerning struc- 
tural shielding and details of facility design as they pertain to 
radiation protection, it can also serve as a useful source of 
information to health and radiologic physicists, research scien- 
tists, project engineers, technical administrators, and similar 
specialists. As pointed out numerous times, however, in unu- 


sual circumstances the recommendations should be supple- 
mented by the professional advice of experts with recognized 
competence in radiation protection. 

Recommendations are expressed in terms of "shall," indicat- 
ing a recommendation necessary to meet the currently accepted 
standards of radiation protection, and "should," indicating a 
recommendation to be applied when practicable. The text is 
well supplemented with clear illustrations, comprehensive glos- 
sary, and relevant appendixes. 

Juri Eenmaa 

Medical Radiation Physics 
University of Washington 
Seattle, Washington 98195 


News 


Spring Ultrasound Conference 


The Los Angeles Radiological Society will hold its third 
annual Spring Ultrasound Conference, June 2-4. Concentrated 
sessions of didactic lectures will be presented in addition to 
workshops which will cover the full gamut of diagnostic ultra- 
sonography. 

Speakers and their topics are: P. Cooperberg, University of 
British Columbia, Ultrasonography of the Spleen and Pancreas, 
also Current Status of Real Time in the Abdomen and Pelvis; R. 
A. Filly, University of California, San Francisco, Ultrasonic 
Detection of Bile Duct Dilatation, also Ultrasonography in the 
Detection of Abdominal and Pelvic Abscesses; J. C. Hobbins, 
Yale University, Ultrasound in Monitoring Fetal Growth and 
Development, also Special Procedures Utilizing Ultrasound; M. 
L. Johnson, University of Colorado, Upper Abdominal Visceral 
and Vascular Anatomy, also Ultrasound Evaluation of the Pla- 
centa; E. Kazam, Cornell Medical Center, Ultrasonography and 
CT of the Liver and Pancreas, also Ultrasound and CT of the 
Pelvis; G. R. Leopold, University of California, San Diego, 
Modern Ultrasonography of the Thyroid. 

For information, contact R. T. Reinke, St. Mary's Medical 
Center, 1050 Linden Avenue, Long Beach, California 90813; 
phone (213) 435-4441, ext. 286. 


Postgraduate Course in Diagnostic Radiology 


Faculty from Duke University Department of Radiology will 
present a 6 day postgraduate course at Atlantic Beach, North 
Carolina, July 31-August 5. Scientific sessions will cover current 
concepts in diagnostic radiology including ultrasound, com- 
puted tomography, and nuclear medicine. A total of 30 hr AMA 
Category | credit is available. Registration fee is $200; $100 for 
those in training with a letter of verification. Inquiries should be 
directed to the program director, R. McLelland, Radiology, Box 
3808, Duke University Medical Center, Durham, North Carolina 
27710; phone (919) 684-4397. 


Skeletal Society Meeting 


The International Skeletal Society has scheduled its fifth 
refresher course for September 1-3 in Boston. The course 
carries 19 hr AMA Category | credit. Fees are $175; $125 for 
residents. For information, contact M. O'Connor, Williams & 
Wilkins Co., 428 East Preston Street, Baltimore, Maryland 
21202. 


European Angiography Course 


The European College of Angiography will offer its second 
postgraduate course, Diagnostic and Therapeutic Procedures 
in Angiography, September 4-8 near Leiden, Holland. Lectures 
and symposia on diagnostic and therapeutic procedures in 
angiography will alternate with technical and diagnostic prob- 
lems. Faculty will be members of the European College of 
Angiography as well as S. Wallace and M. Viamonte, Jr., from 
the United States. Fee is Df1. 500. For information, contact Ad 
van Voorthuisen, Department of Diagnostic Radiology, Univer- 
sity Hospital, Leiden, Holland. 
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Nuclear Medicine Prize 


The G. von Hevesy Prize of $10,000 will be awarded on 
September 17 during the opening session of the World Con- 
gress of Nuclear Medicine in Washington, D.C. Unpublished 
papers dealing with nuclear medicine should be submitted for 
consideration by July 1 to W. Horst, University Clinic for Nuclear 
Medicine, Raemistrasse 100, Ch - 8091, Zurich, Switzerland. 
Authors must not have reached age 45 years by September 17, 
1978; papers must not exceed nine typewritten pages, and must 
be in English, German, or French. G. von Hevesy was a pioneer 
in nuclear medicine who received the Nobel Prize in 1943. 


International Diagnostic Radiology Seminar 


A postgraduate seminar for Australian, New Zealand, and 
North American radiologists will be July 20-August 3 in Fiji. 
Morning seminars will consist of small group discussions of 
problems in diagnostic radiology. Registrants will rotate 
through the various subspecialties and will receive tutorial 
assistance based on instructive radiographs. Review of problem 
cases and lectures by guest faculty will precede dinner. Guest 
speakers will include: C. J. Alexander, bone; G. T. Benness. 
uroradiology; H. Grillmeyer, technical aspects; E. N. C. Milne, 
chest; T. H. Newton, neuroradiology; and B. M. Rohlfing, 
computed tomography. Fee is $175, and 43 hr AMA Category I 
credit is available. For information, contact Diagnostic Radiol- 
ogy Seminars, 200 South Ridgewood Road, Kentfield, California 
94904; phone (415) 461-9746. 


Gastrointestinal Symposium 


The Departments of Radiology, Southern California Perma- 
nente Medical Group and Kaiser Foundation Hospitals, will hold 
their sixth annual radiology symposium, Gastrointestinal Ra- 
diology, on September 9 in Los Angeles. Fee is $30; approxi- 
mately 7 hr AMA Category I credit will be available. For registra- 
tion or information, contact S. Gach, coordinator, Southern 
California Permanente Medical Group, Education and Research 
Department, 4747 Sunset Boulevard, Los Angeles, California 
90027; phone (213) 667-4241. 


Physics School and Meeting 


The American Association of Physicists in Medicine will 
sponsor a summer school July 23-28 at the Santa Cruz Campus, 
University of California. Topic is Teaching of Medical Physics. 
For information contact, M. A. Greenfield, Department of Radio- 
logical Sciences, University of California, Los Angeles, Califor- 
nia 90024. 

The twentieth annual meeting of the organization is slated for 
July 30-August 3 in San Francisco. Information on the meeting 
is available from P. H. Heintz, Radiation Oncology Center, 5271 
F Street, Sacramento, California 95819. 


d 
Maine Nuclear Medicine Seminar 


A seminar in nuclear medicine will be August 13-18 at Colby 
College and the mid-Maine Medical Center in Waterville, Maine. 
Some 30 hr of lectures, breakfast workshops, and interesting 
cases will be presented by H. N. Wagner, T. G. Mitchell, P. O. 
Alderson, P. Mcintyre, E. Nickoloff, L. Holder, M. V. Green, and 
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J. K. Langan. AMA Category ! credit will be available. For 
information, write R. H. Kany, director, Special Programs, Colby 
College, Waterville, Maine 04901. 


Pulmonary Functions Course 


A 1 day postgraduate course on Pulmonary Functions is 
scheduled for June 4 at Jewish-Hillside Medical Center in New 
Hyde Park, New York. The morning session will be devoted to 
lectures dealing with testing of various lung functions, diagnos- 
tic application of pulmonary functions in various diseases, and 
therapeutic application of pulmonary functions for preoperative 
evaluation and disability evaluation. Afternoons will be devoted 
to workshops. Registration is limited to 35 per workshop. 
Tuition is $50 which includes a luncheon. For information, 
contact F. Khan, Pulmonary Medicine, Jewish-Hillside Medical 
Center, 82-68 164th Street, Jamaica, New York 11432; phone 
(212) 990-2091. 


Angiology Meeting 


The American College of Angiology will hold its twenty-fifth 
annual meeting May 28-June 1 in Colorado Springs, Colorado. 
The scientific teaching sessions are open to all physicians 
concerned with diagnosis and treatment of cerebrovascular, 
cardiovascular, and peripheral vascular diseases. AMA Cate- 
gory | credit is available. For registration or information, write 
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the Twenty-Fifth Annual Convocation Committee, American 
College of Angiology, 320 Northern Boulevard, Great Neck, New 
York 11021. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings of these events ap- 
peared in journal issues indicated in parentheses. 


Ultrasound Fellowship, 1 year program, Pittsburgh (January). 

Nuclear Medicine and Biology Congress, September 18-21, 
Washington, D.C. (January). 

Ultrasound Meeting, October 19-23, San Diego (March). 

South African Radiological Congress, August 31-September 
6, Johannesburg (March). 

Clinical Radioassay Meeting, June 22-24, Los Angeles 
(March). 

Angiography and Vascular Disease, course, September 18- 
21, San Diego (April). 

Problem-oriented Diagnostic Imaging, course, July 30-Au- 
gust 4, Ocean City, Maryland (April). 

Arthrography Course, June 22-24, New York City (April). 

American Association of Physicists in Medicine Meeting, 
July 31-August 3, San Francisco (April). 

Italian Radiology Course, September 25-29, Rome (April). 


dhird Annual 
q$nternationa 
Body 


maging 
Conference 
dtaui Surf Hotel- Maui, Hawaii 


OCTOBER 14-22, 1978 * CATEGORY 1 AMA-CMA CREDITS 
The Third Annual International Body Imaging Conference 
will be held at the Maui Surf Hotel, Maui, Hawaii, October 14 through 22, 1978. 
The Conference offers approximately 25 Category | AMA-CMA credits and will present 
to the participant a correlated approach to the principles, indications, 
uses, interpretation, and results obtained with computed tomography, 
ultrasonography, and nuclear imaging. Course participation by practicing 
imaging physicians, residents, technologists, and corporate personnel is encouraged. 
COURSE FACULTY: 
Roy A. Filly, M.D., University of California, San Francisco: 
Robert R. Hattery, M.D., Mayo Clinic; Dr. A. Heshiki, Gunma University Hospital, Japan: 
Paul B. Hoffer, M.D., Yale University School of Medicine: 
George Kosoff, B.S., Commonwealth Acoustic Laboratory, Sydney, Australia: 
Teruo Nagai, M.D., Gunma University School of Medicine, Japan: 
W. Frederick Sample, M.D., U.C.L.A. Medical Center: 
Dr. Y. Sasaki, St. Mariana University School of Medicine, Japan: 
Robert J. Stanley, M.D., Mallinckrodt Institute. 
Enrollment limited. Registration fee $295. Residents and Technologists $195 (with letter) 


W. FREDERICK SAMPLE, M.D. RONALD J. FRIEDMAN, M.D. MICHAEL R. TERK, M.D. l 
Faculty Coordinator Conference Coordinator Exhibit Coordinator 








































For enrollment or further information write: Third Annual International Body Imaging Conference 
Department of Radiology, West Park Hospital 
22141 Roscoe Boulevard, Canoga Park, California 91304 
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Rapido can do the work 


Maybe even three, or four. This means savings of equipment, floor space and 
personnel. Rapido? is Picker's unique cassetteless radiography system. It is one of 
B m Picker’s cost-efficient units that 
provides high-quality images and 
reliable performance, with maximum 
patient throughput. 
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Rapido can perform about 70% of 
your radiographic needs. It is a high-quality, 

basic radiographic system that requires a minimum 
of personnel. The Rapido — shown here with the Rapidomat and film processor — 
accommodates various standard-size magazines with film capacities compatible with 
your needs. The elimination of cassettes amounts to 2,000 lbs (910 kg) of cassettes that 
don't have to be loaded, transported or handled. 














of two X-ray rooms. 


Picker's unique vacuum 
system provides intimate 
overall film/screen contact, 
permitting use of fast-speed 
screens. This yields remarkably 
detailed films, crisply defined. 
The contoured table provides 
greater patient comfort and 
minimum object-film distance 
for improved definition. 

Automatic centering and 
Automatic Exposure Control 
are two additional benefits 
of the Rapido. With standard 
push-button film-size selection, 
automatic centering saves time 
and assures reliable results. The Automatic Exposure Control adjusts for effects of 
scatter, changes in collimation, kV, or tube angulation. — a 
Rapido is your logical choice —and like all Picker — — 
equipment, it is backed by our worldwide service 
organization with its proven reputation for dependability 
and performance. From quality diagnostic units to film 
viewers to chemistry — Picker's total capabilities are 
working for you. And our financial resources through 
our parent C. LT. * 
Financial Corporation 
can help you acquire 
























your Rapido. For more Ll * 
information contact 


| 


your local Picker 
representative, or 
write Picker Corporation | 
or Picker International, 595 


Miner Rd., Cleveland, OH 44143. 
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A Public Service of This Magazine & The Advertising Council 


Help us to help you. 
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OSHA —the Occupational Safety and Health 
Act of 1970— benefits everybody. Employers 
and STI GER alike. 
| Today, Red Cross is helping em- 
ployers all over the country to meet 
OSHA standards, by training employ- 
- ees in first aid and hazard recognition 
practices. The result is that, everywhere, fac- 
tories and other places of business are safer 
| and healthier. Anotherside benefit: employees 
trained in first aid are more valuable employees. 
Next time you wonder where ‘‘all those dollars you 
gave to the Red Cross” are going — you might consider 
this: alot of them are being plowed right back into your 
business! For information about First Aid Training, call 
your local Red Cross Chapter. 


Red Cross. 
! The Good Neighbor. 





Another First by BUCKY 


PIONEERING NAME IN THE DEVELOPMENT OF X-RAY AND GRENZ EQUIPMENT 


| 
| 
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For All Your RADIOLOGICAL Therapy Requirements: 
The Bucky Combination Therapy Machine 


Now, Bucky X-Ray International has designed a 
therapy apparatus especially for the Radiologist 
who specializes in Therapy. This one unit operates 
from 3 KV (.01 mm al half value layer), up toa 
depth dosage equivalent to 140 KV (4.0 mmal half 
value layer). This unit, known as our Combination 
Therapy Machine, can therefore be employed to 
produce the following therapy modalities: 


GRENZ RAY THERAPY 

CONTACT THERAPY 

SUPERFICIAL X-RAY THERAPY 
(with beryllium window tube) 

INTERMEDIARY X-RAY THERAPY 

TELE-ROENTGEN THERAPY 
(whole body radiation) 


BODY CAVITY THERAPY: 

Due to the very great maximum output of this unit 
(1.2 million r units per minute at 10 cm target-skin 
distance), this unit is ideal for cavity or whole body 
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(9 feet target-skin distance) therapy. It can be oper- 
ated from 110 volts instead of the former 220 volt 
operation. 


The foolproof control makes it virtually impos- 
sible to apply the wrong modality of radiation 
through an error. 


Another feature of this apparatus is the great 
space saving, due to the fact that a single unit takes 
the place of 5 separate pieces of equipment. Here. 
for the cost of a single modality, radiologists can 
obtain 5 Therapy modalities in one efficient unit. 


Bucky X-Ray International has been in the X-ray 
business since 1908. Where else in this field can you 
find such economy, safety, effectiveness and ease 
of operation? 


For complete information, please write. call or 
Telex for our fully illustrated brochure and list of 
PROMINENT USERS throughout the world. 


Factory Controlled Sales and Service in All Major Cities and Countries 


BUCKY X-RAY INTERNATIONAL, INC. 


30 East 81st Street, New York, N.Y. 10028 e (212) 734-5050 e Telex: 147243 
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able/spotfilmer of 


_ ~~ 4, Lower dose fluoroscopy is made practical 
by the 6:1 ratio fluoroscopic grid. A big 
improvement over traditional 
“compromise” 8:1 or 10:1 ratios. 


2. High kVp spotfilms are now practical with 
the 12:1 ratio of the 103 line criss-cross 

A grids for greater control over film quality. 
IN Now even double contrast studies become 
routine at traditional table bucky 
kilovoltages. 
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3. RFX spotfilmer puts total control at your e The patient positioning control is located 
fingertips—gloves or no gloves. adjacent to collimator controls and 


e The motorized compression cone control provides immediate table top response. 








is right up front where you can put your e No more spot counting for the 
finger on it fast. technologist. After the last exposure, 

e Coordinated collimator controls are a cassette moves automatically to the 
ese causis Resa T eta loading position and the RELOAD light 


finger's reach from the positioning 


handle. Fast-acting collimator blades signals for a fresh cassette. 


are servo-positioned. e Positioning ease is provided by a 

e Two-step, prepare-expose switch is longitudinal power assist with unique 
positioned for easy left or right hand direct interactive response. 
use and may be used for exposure-delay e Mini-spot formatting for 6 on 1 or 9 on 1 


when held in the first step. : arthrograms is available. 


4. Spotfilm exposure starts .75 second after 


the cassette is called for. With no shock- 
induced vibration effect. 


Rapid sequence spotfilms are now 
possible. Automatic advance with 
sequence anticipation logic reduces the 
interval between exposures to 
approximately .5 second for studies such 
as cervical esophograms and voiding 
cystourethrograms. 


Front and rear cassette loading lets you 
use front loading port when working alone, 
rear loading port for higher productivity 
when working with an assistant or when 
doing myelography. 


Masking is automatic with format selection 
—no longer must masks and cones be 
moved into place to achieve a new film 
format. Full-field fluoroscopy through 

the compression cone is possible; masking 
is independent of the cone. 


the future is available today. 


8. 


The table angulates smoothly, with soft 
start and stop, and full speed of 412 
degrees per second. RFX Thirty angulates 
to 30* Trendelenburg; RFX Ninety is a full 
Trendelenburg unit. Choice of 4-way or flat 
2-Way table top. 


9. The table is designed to take the day-in, 


10. 


11. 


day-out abuse of heavy workloads. 
Smoothly contoured surfaces clean up 
easily; controls are sealed for protection 
against barium spills. 


Maxiray'" 100 tube meets the demands of 
today's procedure schedules; features 
forced oil circulation cooling. 


Automatic exposure control is provided 
by the RFX's thin profile Quantamat™ ion 
chambers; you get consistent film density 
from study-to-study. 


Get the complete RFX story from your GE 
representative. 

General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 





Hanley Space Saver X-Ray and Medical Record Cabinets 
are installed in most hospitals in America. 


CHARLES C THOMAS « PUBLISHER 


pee eheu ADMINISTRATION OF 





Top quality and low price is the reason. 
5 


Brochure F.O.B. Factory 


AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS * A RADIOLOGY DEPARTMENT i 


L EQUIPMENT CO. e - 
S44 South Grand. MiRay Division St. Louis, Mo. 6311! Hints for Day-to-Day Operation 





By Murray L. Janower, The St. Vincent Hospital, Worcester, 
Massachusetts. The author demonstrates that the application of 
common sense and sound business management principles will 
result in a marked improvement in the operation of a radiology 
department. Various systems are presented which can be applied 
to the radiology department to insure efficient functioning. 







































In reply to advertisers 
please mention that you saw 
their advertisement in 


THE 
AMERICAN JOURNAL OF 


ROENTGENOLOGY 


published monthly for 
The American 
Roentgen Ray Society 
by 


CHARLES C THOMAS e PUBLISHER 
Springfield, Illinois 62717 


Chapters include Patient Control, Messengers, The Radiological 
Examination, The Film Room, Film Interpretation, Report 
Transcription. Discussions within these chapters are supple- 
mented by a large quantity of statistical data. 





The book will be helpful to radiologists, technologists, adminis- 
trators, and all physicians who deal with a radiology depart- 
ment in their daily routine. 


The Journal of the Canadian Association of Radiologists said, 
“This well-writted booklet is an excellent guide for anyone re- 
sponsible for setting up or administering a radiology depart- 
ment.... A highly recommended addition to every hospital 
library." '76, 72 pp., 8 iL, 7 tables, $7.50 





Orders with remittance sent, on approval, postpaid 


301-327 EAST LAWRENCE 





SPRINGFIELD *ILLINOIS : 62717 


Xe Congres de Culture Latine de Radiologie et de Médecine Nucléaire 
XXVIIIe Journées Françaises de Radiologie 
3-9 juillet 1978, Palais des Congres, Paris 


The Xth Meeting of Latin Culture in Radiology and Nuclear Medicine 
(in association with the 28th Meeting of the French Radiologists) 
will be held in Paris (Centre International de Paris, Palais des Congres) 
from July 3 to 8, 1978. 


The program will be as follows: 


1. 3-hour panels in diagnostic and therapeutic radiology, with immediate translation in French, Spanish 
and Italian. The following topics will be discussed: 
a. Diagnostic Radiology: 
. Roentgenology of thoracic emergencies 
. Tracheal and mediastinal diseases in children 
. Acute pericardial diseases in adults 
. Roentgenology of abdominal emergencies 
- Roentgenology of the small bowel 
. Crohn's disease 
. Malabsorption syndromes 
b. Therapeutic Radiology 
. Beyond cobalt therapy. .. today 
. Protocol and recent trends in the treatment of uterine cervix carcinoma 
. Indications of radiotherapy in the treatment of prostate carcinoma. 
2. Twenty-eight 3-hour seminars, without immediate translation, on various topics in diagnostic and 
therapeutic radiology. 
3. A post-training course with up to date information in diagnostic and therapeutic radiology. 
4. Scientific exhibits. 


For any further information, please contact the General Secretary of the Meeting: 
Dr. H. Nahum, Hopital Beaujon 
100 boulevard du Général-Leclerc 92110-Clichy FRANCE 
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CONTEMPORARY 
AGNOSTIC RADIOLOGY 


Biweekly Review of Clinical Radiologic Practice 


One simple way to review important topics 
in clinical radiology and to earn 26 AMA 
Physician's 
Recognition 

Award D ‘ 
Category 1 

Credits. [3 





CONTEMPORARY DIAGNOSTIC RADIOLOGY 
provides the practicing radiologist and 
diagnostic roentgenologist with a convenient 
means of keeping current and earning credits for 
continuing medical education. 

Published every other week, each issue 
contains one original review article, written bya 
noted specialist, and addressing a particular 
topic in diagnostic radiology. Each article is 
authoritative, brief, and fully illustrated with high 
quality roentgenograms and radiographs, charts 
and tables. 


Co-sponsored by the American College of Radiology 


The article in each issue is followed by a series 
of multiple choice questions. Category 1 Credit 
Is earned by checking the answers on the answer 
card enclosed with that issue, and mailing it 
back. Strict confidentiality is maintained. 

By subscribing to this program for one year (26 
issues), you can qualify for 26 Category 1 Credits 
for the AMA Physician's Recognition Award. 
CONTEMPORARY DIAGNOSTIC RADIOLOGY 
thus provides a valuable and time-saving service. 
We look forward to receiving your order. 


Sample Review Articles: 
è Gout and Its Look Alikes e The Radiologic Evaluation of Cardiac Pacemakers 


e Disorders of the Adult Sacroiliac Joint 


e Traumatic Extraperitoneal Pelvic Effusion 


* Renal Pelvic Carcinoma  * Breast Calcifications in Carcinoma 
e The Radiologic Evaluation of the Injured Elbow œ The Adult Respiratory Disease Syndrome 


Chairman: William J. Tuddenham, M.D., 
Professor of Radiology, University of 
Pennsylvania; Director, Department 
of Radiology, Pennsylvania Hospital 


Editorial Board: M. Paul Capp, M.D., Theodore 
E. Keats, M.D., John A. Kirkpatrick, Jr., M.D., 
Marc S. Lapayowker, M.D., Elliott C. Lasser, 
M.D., Gwilyn S. Lodwick, M.D., John W. Loop, 
M.D., Alexander R. Margulis, M.D., George N. 


Stein, M.D., Elias P. G. Theros, M.D., and John R. 


Thornbury, M.D. 


Ordering Information 

Published Biweekly, 26 issues a year. 
Subscriptions are entered with the next issue 
after receipt of payment. CONTEMPORARY 
DIAGNOSTIC RADIOLOGY costs $150.00 a year 







“As an organization accredited for 
continuing medical education, ACR 
certifies that this continuing medical 
education offering meets the criteria for 1 
credit hour per response card returned for 
the program, in Category 1 for the 
Physician's Recognition Award of the 
American Medical Association, provided it 
is used and completed as designed." 
















(26 issues), including computerized answer card 
processing, handsome binder for easy storage, 
and documentation of Category 1 Credits. 
Subscriptions are tax deductible. 


428 E. Preston Street 
Baltimore, Maryland 21202 


Williams & Wilkins 
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Order Form 
Fill out, clip, and mail to: Williams & Wilkins, 428 E. Preston St., Baltimore, MD 21202 
Please enter my subscription to CONTEMPORARY DIAGNOSTIC RADIOLOGY. 














0 Payment Enclosed. [] Bill Me. Charge to O Visa O Master Charge 

Card # Expires 
Name "— 
Address S E. 
dac Lu cn i a Sg 








Signature Date 
a ųúġģġģġů 


TOLL-FREE TELEPHONE ORDERING Use for ordering with or without charge card: 1-800-638-0672 In Maryland call (301) 528-4220 collect | 


THEME 


AE ENERO QUT ESE SESE I Wm tuner rete nid e rit la en ORE. Coi ens ito M ape ser eens any E E E a 


Reduce Chest X-ray Retakes... 








and Take the Radiation Load Off Your Mind 


A Two-Word System 
for Reducing Retakes 


Pulmo Diagnost. Two words that in- 
sure precision and total quality con- 
trol. That's because Philips' Pulmo 
Diagnost is a fully automated, dedi- 
cated chest system. 

Automation from patient posi- 
tioning to film processing. Automa- 
tion that will cut your retake rate 
dramatically. That's more than a 
radiation load off your mind . . . 
and your patients. It's a big load off 
operating, labor and space costs, 
too. (Philips' precision doesn't need 
much space. ) 


The Right Take, Not Retakes 


Key design and engineering features 
insure superb image quality with the 
Pulmo Diagnost: 





Philips Pulmo Diagnost 


* Rapid, simple patient positioning 
e Automatic tube-to-film alignment 
è Full automation or semi- 
automatic operation to eliminate 
exam interruptions and multiple 
trips to the darkroom (a simple 
lever switches modes) 
e Philips Amplimatand Anatomi- 
cally Programmed Radiography 
(accurate density control down to 2ms) e — 
e High kV (150) technique and no ai 
grid lines due to oscillating grid 
E Simple, one-button generator A Pulmo Diagnost room gives maximum 
efficiency in minimum space 
control 
e Minimum space to process 
maximum patients 





Philips Pulmo Diagnost: it returns 
your investment by sharply reducing 
returns for retakes. Ask your Philips’ 
representative for details. 








PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 Control desk for Philips MM 100C dedicated 
generator for the Pulmo Diagnost 


s PHILIPS 
= (& TM N.V. Philips of Holland 
G 





Announcing 


Free Mammography Education Program 
For 


@ Physicians e Residents e Radiologic technologists 


With the increasing emphasis on early detection of breast diseases, there have been concerted efforts by the 
medical profession to improve as well as develop diagnostic techniques. In striving toward this end, the 
American College of Radiology in cooperation with the National Cancer Institute* has developed a 
mammography educational program. The need for this type of program is emphasized by the fact that the 
best means of reducing mortality from breast cancer is the early detection and treatment of this disease. 
Program coordination is accomplished through the Mammography Educational Program Coordinating 
Committee (MEPCC), Dr. Richard G. Lester, Chairman. 


Training at all centers includes All courses include 
€ film mammography € thermography € lecture € self study 
€ xeroradiography € physical examination € practical application — € audiovisual materials 


Basic program is one week for all groups of attendees. 


€ Approved for AMA Physicians Recognition Award, AMA Category | Credit on an hour for hour 
basis. 

@ Program for technologists approved for 35 Evidence of Continuing Education Points (ECE) 
through the American Society of Radiologic Technologists. 


Courses are being held at the following institutions: 


Gerald D. Dodd, M.D. Harold J. Isard, M.D. John R. Milbrath, M.D. 

The University of Texas Albert Einstein Medical Center Dept. of Radiology 

M. D. Anderson Hospital North Division The Med. College of Wisconsin 

6723 Bertner Drive York and Tabor Roads Milwaukee County Medical Comp. 

Houston, Texas 77025 Philadelphia, PA 19141 8700 West Wisconsin Avenue 
Milwaukee, Wisconsin 53226 

Richard H. Gold, M.D. Margaret R. Abernathy, M.D. Rita F. Girolamo, M.D. 

University of California Georgetown Univ. Medical Center New York Medical College 

LA Medical Center 3800 Reservoir Road, N.W. 5th Avenue at 106th Street 

Dept. of Radiological Sciences Washington, D.C. 20007 New York, New York 10029 


Los Angeles, CA 90024 


Robert L. Egan, M.D. 

Emory University Clinic 

1365 Clifton Road, N.E., Rm. 133 
Atlanta, Georgia 30322 


You may register directly through the center of your choice. 


Last opportunity for training — program ends on or about June 30, 1978 


e 
For any further information contact: 


Daryl A. Walker 

American College of Radiology 
6900 Wisconsin Avenue 

Chevy Chase, Maryland 20015 


*Contract NO1-CN-55177 


SIEMENS 








Ultrasonic imaging 





for every application.... 


in a complete range of new gray-scale 
diagnostic ultrasound instrumentation. 





By employing a computer designed transducer head, parabolic mirror, VI DOSO N 735 SM 


and water path, Siemens has overcome the problem of near-field Parallel Beam Scanner 


distortion and loss of resolution in the far field so typical in conventional | | p 
A unique high resolution instrument 


scanners. 

for all real-time and static imaging 
The Siemens Vidoson 735 SM thus assures nearly constant resolution applications, including superficial 
over the entire image range. organs and vessels. 
This new instrument is a sophisticated water path scanner designed m Excellent uniform resolution from 
to combine real-time gray scale imaging with the best resolution specially focused 3.0MHz beam 
properties yet demonstrated by a commercial real-time ultrasound B Simple to use, increases patient 
scanner. throughput. 

m Water path gives artifact-free 

images 
d m Enhanced display of structure 


contours and boundaries. 





MULTISON 400 


Sequenced Linear Array 

A real-time B-scanner which is the 
ideal instrument for the practicing 
obstetrician and gynecologist, 
although its versatility and image 
quality make it eminently suitable for 
many other imaging applications. 

B Life-size image display 

B Variable focal distance 

B Left/right image reversal 


B Electronic caliper 





TOMOSON 


Compound B-Scanner 

A general purpose contact scanner 
for A-, B-, and M-mode imaging. 

B Sharp images giving high detail 
m Highly stable image storage 


m Frequency range of 1.5MHz 
to 6MHz 


m Quadruple display of images 
made at different gain settings. 


m Compactand mobile 


B Light-beam indicator for localizing 
sectional plane. 





ECHOPAN KS 


Echocardiograph 


An M-Mode scanner especially 
designed for cardiac studies. 


High resolution gray scale images 


Variable output power for optimum 
scan performance. 


Exceptional TGC characteristics 
including posterior damping 
Capability and expand control. 


Synchronous M-Mode and ECG 
with optional pulse, phono and 
pressure modules. 





SIEMENS 


The world's largest manufacturer of diagnostic 
and therapeutic medical equipment is here to 
serve you with 32 service centers across the U.S. 


ARIZONA 


Phoenix 

3201 N. 16th St. 
Phoenix, Az. 85016 
(602) 248-7300 


Tucson 

454 N. Tucson Blvd. 
Tucson, Az. 85716 
(602) 325-0505 


CALIFORNIA 


Anaheim 

1601 S. Sinclair St. 
Unit F 

Anaheim, Ca. 92806 
(714) 634-1914 


Glendale 

1600 Victory Blvd. 
Glendale, Ca. 91201 
(213) 245-7228 


Los Angeles 

3535 Fashion Way 
Torrance, Ca. 90503 
(213) 370-3611 


Riverside 

3851 Stobbs Way 
Riverside, Ca. 92509 
(714) 682-3445 


San Diego 

5575 Magnatron Blvd. 
San Diego, Ca. 92111 
(714) 292-1333 

San Francisco 

860 Hinckley Road 
Burlingame, Ca. 94010 
(415) 697-6851 


COLORADO 


Denver 

5961 E. 38th Ave. 
Denver, Col. 80207 
(303) 321-7707 
CONNECTICUT 
Meriden 

158 State St. 
Meriden, Ct. 06450 
(203) 235-7971 
FLORIDA 


Miami 

Bloch Equipment Co. 
8165 N.W. 33rd St. 
Miami, Fla. 33122 
(305) 592-6166 


Miami 

Med. Lab Supply Co. 
923 N.W. 27th Ave. 
Miami, Fla. 33125 
(305) 642-5144 


Tampa 

5142 LeTourneau Circle 
Tampa, Fla. 33610 

(813) 621-5829 


GEORGIA 


Atlanta 

3404 Oakcliff Road 
Atlanta, Ga. 30340 
(404) 451-8151 


ILLINOIS 


Chicago 

5310 N. Siemens Ct. 
Rosemont, IIl. 60018 
(312) 671-2810 


INDIANA 


Indianapolis 

6217 Coffman Rd. 
Indianapolis, In. 46268 
(317) 293-9444 


KANSAS 


Kansas City 

9900 Pflumm Rd. 
Lenexa, Ka. 66215 
(913) 888-3992 


KENTUCKY 


Lexington 

MHM Electronics, Inc. 
138 So. Forbes Rd. 
Lexington, Ky. 40505 
(606) 252-8943 


LOUISIANA 


New Orleans 

2700 Kingman Street 
Suite 109 

Metairie, La. 70002 
(504) 454-0651 


New Orleans 
Kirby-Krause X-Ray Corp. 
4108 Dumaine St. 

New Orleans, La. 70119 
(504) 486-5337 


MASSACHUSETTS 


Boston 

30 Wexford St. 

Needham Hgts., Ma. 02194 
(617) 449-3450 

MICHIGAN 

Detroit 

24310 Indoplex-Circle 
Farmington Hills, Mi. 48024 
(313) 478-2100 


Siemens Corporation 


Grand Blanc 

Flint X-Ray Inc. 

G-7402 Fenton Rd. 
Grand Blanc, Mi. 48439 
(313) 738-2090 


MINNESOTA 


Minneapolis 
7232 Boone Ave. 


Brooklyn Park, Mn. 55428 


(612) 537-6667 
MISSOURI 


St. Louis 
2416 Centerline Ind. Dr. 


Maryland Heights, Mi. 63043 


(314) 567-5140 
NEBRASKA 


Omaha 

3030 N. 102 Street 
Omaha, Nb. 68134 
(402) 571-8950 


NEW JERSEY 


Iselin 

186 Wood Ave. So. 
Iselin, NJ 08830 
(201) 494-1000 


Union 

685 Liberty Ave. 
Union, NJ 07083 
(201) 964-0266 


NEW YORK 


East Syracuse 

6838 Ellicott Drive 

East Syracuse, NY 13057 
(315) 437-2596 


Lake Success 

3000 Marcus Ave. 

Lake Success, NY 11040 
(212) 895-2241 

NORTH CAROLINA 
Apex 

C & W Electronics, Inc. 
Horton Rd., Rt. #2 

Apex, NC 27502 

(919) 362-8858 


OHIO 


Cleveland 

23500 Mercantile Rd. 
Beachwood, Ohio 44122 
(216) 464-2828 


Cincinnati 

Suite 2303 

11750 Chesterdale Rd. 
Cincinnati, Ohio 45246 
(513) 771-1104 


Columbus 

1049 Kingsmill Pkwy. 
Columbus, Ohio 43229 
(614) 888-7311 


OKLAHOMA 


Oklahoma City 

8213 A N Classen Blvd. 
Oklahoma City, Ok. 73114 
(405) 843-1206 


PENNSYLVANIA 


Greensburg 

Selmedic 

1000 Green St. 
Greensburg, Pa. 15601 
(412) 837-5700 


Pittsburgh 

134 Gamma Drive 
Pittsburgh, Pa. 15238 
(412) 782-4545 


Philadelphia 

500 Commerce Drive 
Yeadon, Pa. 19051 
(215) 748-2200 


PUERTO RICO 


Santurce 

P.O. Box 6161 
Santurce, P.R. 00914 
(809) 791-6122 
TENNESSEE 
Memphis 

652 Jefferson Ave. 
Memphis, Tn. 38105 
(901) 527-0288 


Knoxville 

Wallace X-Ray 

109 East Churchwell Ave. 
Knoxville, Tn. 37917 

(615) 524-3621 


TEXAS 


Dallas 

1900 E. Randol Mill Rd. 
Arlington, Tx. 76011 
(817) 261-0733 


Houston 

11506 Main St. 
Houston, Tx. 77025 
(713) 661-3601 


WASHINGTON, D.C. 


Washington, D.C. 

5200 Auth Rd. 
Washington, D.C. 20023 
(301) 423-5305 
WISCONSIN 
Milwaukee 

5501 West State St. 
Milwaukee, Wisc. 53208 
(414) 778-0480 


Electromedical Division 

186 Wood Avenue South, 

Iselin, New Jersey 08830 e 
Phone: (201) 494-1000 








"How many people 
do you know who have 
been cured of cancer?" 


Almost everybody knows someone who has died 
of cancer. But the fact is about two million living 
Americans have been cured. Not only cured but leading 
active, normal lives. Another fact is millions more could be. 

By getting to the doctor in time. 

By availing themselves of the most effective 
methods of treatment today. 

By advances made through cancer research. 
Research made possible with the help of the American 
Cancer Society. 

However, there’s 
much more to be done. 

To help save more people, the 
American Cancer Society 
needs more money. So, please, 
give. We want to wipe out 
cancer 1n your lifetime. 


| American Cancer Society 
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One nice feature of this 
filmchanger is that, to 
bring magnification up 


= 





...you simply bring the PUCK down. 


The Puck is quite a 
remarkable cutfilm 
changer. It's economical, 
it's mobile and it's com- 
pact — only 634 inches 
thick. Yet, it produces 
superb image quality for 
abdominal, peripheral, 
thoracic and cerebral 
angiography. With up to 
3 exp/sec and with 20 
film capacity. With patient identification and 
sequential numbering of each film. 

But, that's just the beginning. 

An available stand allows Puck to travel 
400mm (approx. 16") vertically and to be tilted 
for frontal and lateral projections. By lowering 
Puck while its under a table without vertical 
adjustment, you can select up to approxi- 
mately 2:1 magnification. With a vertically 
adjustable table the range of magnification 
Is increased. 

No other rapid filmchanger offers this 
advantage. 

In addition to magnification, Puck offers 
very low x-ray attenuation and perfect screen/ 
film contact. Our new CFRP front plate makes 
this possible. This unique Carbon Fiber Rein- 
forced Plastic plate makes no compromise 
between x-ray attenuation and screen/film 
contact. Together with today s micro-focus 


When a better idea in filmchangers comes along, it will come from us. 





tubes and rare earth 
screens, the CFRP lends 
itself very well to the 
magnification capabil- 
ities of Puck. 

And no other com- 
pact changer offers this 
advantage. 

In addition to com- 
pact size, increased 
magnification, and the 
CFRP plate, Puck offers the convenience and 
accuracy of punch card programming. Punch 
card programming allows you to pre-deter- 
mine the number of films in a series, and to 
split a magazine load on two or more runs. 
The card can also correlate the filmchanger 
with the injector and control the movements 
of a programmed table. In biplane, only one 
punch card is necessary to operate frontal 
and lateral changers, and they can be pro- 
grammed for alternate or simultaneous 
exposures. 

Puck is available in two models to fit 
film sizes of 35 x 35cm or 24 x 30cm. See 
how Puck can fit into your special procedure 
room. 

For detailed information about Puck cut- 
film changers and stands, write Elema- 
Schonander, Inc. 699 Lively Blvd., EIk Grove 
Village. IL. 60007. Or call (312) 593-6770. 





elema-scnonander 












No. 242 


CERROBEND . 
ELECTRIC DISPENSER ~ 






The No. 242 LIPSHAW ELECTRIC CERROBEND* 


DISPENSER is a convenient, time-saving 
appliance for the 
Radiology Department. 


The melted Cerrobend* 
is stored clean, 
dustfree and always — 





————— 


on tap for 


at just the 


— Pd 
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ELECTRIC CERROBEND DISPENSER 
GENERAL CONSTRUCTION 


The storage compartment, jacket and cover are 
of polished stainless steel. Six rubber feet are 
supplied to protect the table top. The line to the 
faucet is of brass and carefully gasketed to pre- 
vent leakage. Workmanship and material are 
first class throughout. Supplied complete with 
signal light, switch and four-foot, 3 wire cord. 


SPECIFICATIONS: 

Capacity e 1 gallon 
Outside Dimensions e 14" high, 82" wide 
Temperature Range e Adjustable up to 90°C. 


Electrical e 115-120 Volt, 60 Cycle 
A.C. 500 Watts 


(Also available for 220 Volt) 


Economically Puced 











immediate use 


right tempera 


€ STORAGE COMPARTMENT 





















This compartment is of heavy gauge stainless steel, polished 
to a mirror finish for cleanliness and durability. Capacity is 
one gallon. 


THERMOSTAT 

Fitted with Robertshaw controls and plastic selector knob, any 
desired temperature is available, accurately and reliably 
controlled. 


CONTROLLED FAUCET TEMPERATURE 

A small, dependable cartridge heater is mounted on the draw- 
off line adjacent to the faucet. This keeps the faucet warm and 
eliminates the possibility of clogging. 


FAUCET 

This no-leak, no-drip faucet is excellent for this application. 
The handle operates on a cam principle and is self-closing. 
The body is brass, chronium plated and holds the heat to pre- 
vent clogging. The Radiotherapist has complete control over 
the flow rate and minimizes the possibility of serious burn 
injury. 


HEATING ELEMENT 

Especially designed Chromel heating element is blanketed 
over the entire underside of the storage compartment, thereby 
assuring temperature range and temperature accuracy +2°. 


*CERROBEND: Manufactured by Cerro Metal Products, 
Div. of Cerro-Marmon Corporation, Bellefonte, Pennsylvania 





eoa Mau MANUFACTURING CORP. © 7446 CENTRAL AVE. ¢ DETROIT, MICH. 48210 
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Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 


Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them ''Vigilant Volumes"; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 





The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.95 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes'' are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your name, address, AND REMITTANCE, at $5.95 per volume. 
Within 45 days after receipt, bound volumes will be shipped to you. 
Price subject to change without notice. Please remit 50e per volume 
for return transportation and handling. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, lilinois 60624 





A Public Service of This Magazine 
&The Advertising Council 








Red Cross. 
The Good 
Neighbor. 








Simple keys for complex analysis. 


Scan parameters header Image Annotate (lower left) Magnification with 
Patient related header shows run number, scan allows addition of scan cursor allows selectable 
provides patient name, l.D. speed, number of views, parameters to the image. magnification of a desired 
number, run number, scan slice thickness, slice angle, Measure Distance area. You can choose fixed 
date, contrast, number of anatomical reference, and a measures between any two 2X magnification or variable 
slices, anatomical reference listing of scans with distance points and calculates 1 to 10X magnification 
point, etc. from reference, kVp, mA, etc. inclination angle. of any image. 








Grid Coordinates can be Region-of-Interest allows the user to calculate area (sq. cm.), Identify button causes 
superimposed over the mean CT number value and standard deviation using the selected CT number values 
image. Or, a grid calibrated trackball to position a variable sized rectangle or, in the trace within the image to “blink,” 
in 1 cm intervals, without mode, to outline an irregular ROI. A "Rubber Circle" command allowing rapid identification 
coordinates, may also be highlights pixels according to the CT number values you of tissue in a specific 
superimposed. select, and provides ROI data for that highlighted area. density range. 
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Unmarked buttons are provided so future 
capabilities can be easily added to your system 
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Now you can analyze CT/T's 

superior images with function 

key simplicity. 

Our new System Diagnostic Center (standard 
with CT/T 7800 and 8800) features convenient 
function keys. Just depress the desired key, 
and advanced software does the rest. A 
trackball allows fast, accurate positioning of 
the cursor or rectangle. 


You get complex data in seconds, including: 
region-of-interest calculations; distance 












GENERAL G^ ELECTRIC 





Youd expect it from GE. 


measurements; scan parameters; patient data; 
and "dynamic blinking" identification of specific 
tissue densities. 


And, if you'd like a fully independent console for 
data manipulation in your reading room or any 
other location, GE also offers the Independent 
Diagnostic Center. It's ideal for high referral 
volume. IDC gives you all the capabilities of the 
SDC and more—keeping your scan room 
available to serve patients. 


The CT/T system: superior analysis and 
superior images. A direct result of GE's 
continuing commitment to diagnostic imaging. 
A commitment you can count on—now and 

in the future. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 


100 Years of 
Progress for People 





The CT/T Continuurn. Best images, best value. 
Now and in the future. 
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You have a non-stop winning combina- 
tion when you use these top products 
for your medical x-ray needs: 


Fuji Film—Your Number 1 film value for 
its exceptional contrast, latitude, reso- 
lution with low fog level, and high diag- 
nostic quality—all at lower cost! 


Unbeatable 


Team! 


X-RAY 


KYOKKO 


Distributed throughout the U.S. by: 


NEW YORK 
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Kyokko Screens—Kyokko Intensifying 
Screens provide higher speed without 
compromise to superior resolution. 
Made by world leader Dai Nippon 
Toryo Co. 


Pyne X-Ray—With an established repu- 
tation for excellent technical assistance 
and prompt deliveries, Pyne X-Ray 
Corporation stands for service as you 
want it. 


CHICAGO LOS ANGELES 


20 North Avenue 
Larchmont, New York 10538 
(914) 834-4567 


1211 West Norwood Avenue 
Itasca, Illinois 60143 
(312) 773-3360 


FYNE 


3637 San Fernando Road 
Glendale, California 91204 
(213) 240-0280 


-RAY CORPORATION 








Liquid 
 Polibar we: 
Super XL 


A Total System 


examination of the colon. BE — 2 | 


Satisfactory results in the dou- 
ble-contrast examination of the 
colon require special attention to 
two aspects of the procedure. 








First, the barium sulfate formu- 
lation. Our Liquid Polibar (56% 
w/w) is a bubble-free, non-pre- 
cipitating uniform suspension 
formulation ... with proper flow 
and coating characteristics. No 
blending required and once rou- 
tines are established, you can rely 
on its consistency. 








One pedunculated and one smaller sessile polyp at the 


The second concern is with the apex of the sigmond loop. 

proper apparatus. The E-Z-EM Film Courtesy of Richard Palmer Gold M.D. Columbia Presb. Medical Center N Y 
system is unique in that 1/2" lumen 

tubing attached to the enema bag is 

utilized — for freer, more uniform flow. 

Miller Air Retention Tip, with or without 


optional cuff completes the system. f 3 


A total system for ease of administration E-Z-EM 7 Portland Ave. 


and consistently reliable radiological results. Westbury New York 11590 
For additional literature, write: | |] (51 6) 333-8230 


International Affiliates: E-Z-EM Rooster B. V., Infirmeriestraat 6-8, Rotterdam 16. Netherlands 
E-Z-EM De Mexico S A de C V. Calz Azcapotzalco La Villa No 882. Zona Industrial Vallejo. Mexico 16 D F 
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817 Cannon Lecture: Ulcerative and Granulomatous Colitis. Sommers SC 


DIAGNOSTIC IMAGING 


ORE pri cad Colitis and Colon Cancer: Can Radiographic Appearance Predict Survival Patterns? James EM, 

arlson 

ah ri I rr Viscosity Barium for Fine Mucosal Detail on Double-Contrast Upper Gastrointestinal Examinations. 

elfan 

Strangulating Obstruction of the Bowel: A Reevaluation of Radiographic Criteria. Bryk D 

A New Contrast Agent for Oral Cholecystography: lopronic Acid (Oravue). Pizzolato NF, Arcomano JP, Baum AE 

Gray Scale Ultrasonographic Evaluation of Hepatic Cystic Disease. Weaver RM, Jr, Goldstein HM, Green B, Perkins C 

Giant Cystic Abdominal Masses in Children: Ultrasonic Differential Diagnosis. Wicks JD, Silver TM, Bree RL 

350 kVp Chest Radiography: Review and Comparison with 120 kVp. Proto AV, Lane EJ 

Tuberculosis: Frequency of Unusual Radiographic Findings. Miller WT, MacGregor RR 

Thoracic Effects of Therapeutic Irradiation for Breast Carcinoma. Meyer JE 

Pediatric Tracheostomy. |. Radiographic Features of Normal Healing. Scott JR, Kramer SS 

Pediatric Tracheostomy. Il. Radiographic Features of Difficult Decannulations. Scott JR, Kramer SS 

A Specially Designed Cutting Aspiration Needle for Lung Biopsy. Ballard GL, Boyd WR 

Bronchioloalveolar Carcinoma: Two Clinical Entities with One Pathologic Diagnosis. Miller WT, Husted J, Freiman D, 
Atkinson B, Pietra GG 

Variation in Measurement of Coronary Lesions on 35 and 70 mm Angiograms. Myers MG, Shulman HS, Saibil EA, Naqvi 


Left Aortic Arch with Right Descending Aorta. Dominguez R, Oh KS, Dorst JP, Young LW 
The Dominican Republic Conjoined Twins: Ischiopagus, Tetrapus, Omphalopagus. Rosenberg HK, Spackman TJ, Chait 
A 


Renal Vein Valves. Oleaga JA, Ring EJ, Freiman D, Husted JW 

Computed Tomography of Cerebellar Astrocytoma. Zimmerman RA, Bilaniuk LT, Bruno L, Rosenstock J 

Resolving Intracerebral Hematoma: Alteration of the "Ring Sign" with Steroids. Laster DW, Moody DM, Bal! MR 

Sialography of Salivary Gland Tumors with Fluoroscopy and Tomography. Kushner DC, Weber AL 

Acute Chondrolysis Complicating Slipped Capital Femoral Epiphysis. Goldman AB, Schneider R, Martel W 

The Kher ari A Radiographic Sign of Posterior Shoulder Dislocation. Cisternino SJ, Rogers LF, Stufflebam BC, 
rugli 

Congenital Pseudarthrosis of the Radius. Cleveland RH, Gilsanz V, Wilkinson RH 

Urography in the Child Who Wets. Stannard MW, Lebowitz RL 

Computed Tomogřaphy of the Normal Adrenal Glands. Montagne JP, Kressel HY, Korobkin M, Moss AA 

Hydronephrosis of the Lower Pole of the Duplex Kidney: Another Renal Pseudotumor. Nusbacher N, Bryk D 

Effect of Fatigue and Alcohol on Observer Perception. Brogdon BG, Kelsey CA, Moseley RD 


CASE REPORTS 


Traumatic Aneurysm of the Basilar Artery. Bank WO, Nelson PB, Drayer BP, Wilkins RH, Rosenbaum AE 

Intracranial Venous Sinus Thrombosis: Diagnosis Suggested by Computed Tomography. Wendling LR 

Absence of Both Common Carotid Arteries. Roberts LK, Gerald B 

Contrast Echocardiographic Findings in an Infant with Right Coronary Artery to Right Ventricular Fistula. Brenner Jl, 
Tompkins DG 

Demonstration of Spondylolysis by Arthrography of the Apophyseal Joint. Ghe/man B, Doherty JH 

Dysosteosclerosis. Houston CS, Gerrard JW, lves EJ 

Hypertrophic Osteoarthropathy in Childhood Malignancy. Ameri MR, Alebouyeh M, Donner MW 

Congenital Tuberculosis. Polansky SM, Frank A, Ablow RC, Effmann EL 

Cecal Perforation Associated with Gastrografin Enema. Se/tzer SE, Jones B 

Neonatal Intramural Intestinal Calcifications Associated with Bowel Atresia. Aharon M, Kleinhaus U, Lichtig C 


a 
Commentary: Radiology of Acute Appendicitis. 1007 Memorials 
Shimkin PM 1009 Abstracts of Current Literature 
79th ARRS Meeting Information 1019 Book Reviews 
Letters 1023 News 
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Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it OW you don't 


With Salpix as your contrast medium, your gynecologic pa- CONTRAST MEDIUM 
tient needn't undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 


ally no irritating radiopaque residue to produce foreign-body TRADEMARK 


reactions, yet it provides the viscosity needed for adequate saen ee contains: 
VEA i . j 4 sodium acetrizoate 0.53 g and 


Contraindications: Contraindications to hysterosalpingography include the polwinylpyrrolidone 0.23 g 
presence of severe vaginal or cervical infections, existing or recent pelvic 
infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 
cedure is contraindicated during the immediate pre- or post-menstrual phase. 


Sensitivity Test: If indicated in the patient's history, an intracutaneous skin test 
or sublingual absorption observation may be done with 0.1 cc Salpix. 


Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 


ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY O8869 
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Announcing 
Siemens 
Mevatron 20. 


The linear accelerator that combines 
performance with convenience. 


Siemens high energy Mevatron 20 is available 
with x-ray energy of either 10 or 15 MV and electron 
energies ranging from 3 to 18 MeV. Flexible, compact 
and easy to operate, its design reflects more than two 
decades of Siemens experience in producing equip- 
ment for supervoltage x-ray and electron beam therapy. 

Exceptional Beam Quality. A multi-element x-ray 








target provides the advantages of “thin target” radiation: 


higher depth doses, lower surface doses, and greater 


skin sparing. And an innovative electron scattering-foil 
system provides deeply penetrating beams, while retain- 
ing rapid dose fall-off. 

Simple Mode Selection. Switching between X-ray 
and electron modes is made easy by push-button selec- 
tion and single-piece, light-weight electron applicators 
weighing less than 12 pounds. 

Treatment Verification System. An integral, com- 
puterized verification system prevents inadvertent 
machine set-up errors by assuring correct machine and 
control console settings. 

Highly Versatile Treatment Table. A unique, 
double-ended table top allows virtually any treatment 
technique without mechanical interference or trouble- 
some beam absorption. 

For complete details on the Mevatron 20 contact 
your local Siemens representative, or: Siemens 
Corporation, Medical Systems Division, 186 Wood 
Avenue South, Iselin, New Jersey (201) 494-1000. 

In Canada: Siemens Canada Limited, PO. Box 7300, 
Pointe Claire 730-P Q. 


SIEMENS 











This totally e ie ey system is 
. theanswer to requirémedts for speed and 
-— in tebcimont planning. AUR US! 


Atomic Energy 
of Canada Limited 


Commercial Products 


P.O. Box 6300, Ottawa, Canada, K2A 3W3 
Tel. 613/592-2790 * Cable Nemota * Telex 053-4162 





Clean bowel means clear picture. X-PREP Liquid 
designed specifically for preradiographic bowel cleansing — 
without enemas, suppositories, or overhydration. 


Good-to-excellent visualization is usually obtained 
with a single, simple dose.* No residual oil droplets 
(as is often the case with castor oil) obscure the picture. 


Pleasant taste of X-PREP Liquid meets with high patient 
acceptance.* Simplicity and ease of administration 
are apprecíated by the patient at home, by 


the nursing staff at the hospital. 
“References available on request. 


ne step -One dose -One bottle 


-PREP Liquid 


standardized extract of senna fruit 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 


RIGHT 1971, GRAY PHARMACEUTICAL CO./NORWALK, CONN, 06856 86374 124473 





Announcing 


Free Mammography Education Program 


€ Physicians 


For 


e Residents e Radiologic technologists 


With the increasing emphasis on early detection of breast diseases, there have been concerted efforts by the 
medical profession to improve as well as develop diagnostic techniques. In striving toward this end, the 
American College of Radiology in cooperation with the National Cancer Institute" has developed a 
mammography educational program. The need for this type of program is emphasized by the fact that the 
best means of reducing mortality from breast cancer is the early detection and treatment of this disease. 
Program coordination is accomplished through the Mammography Educational Program Coordinating 
Committee (MEPCC), Dr. Richard G. Lester, Chairman. 


Training at all centers includes 


e film mammography € thermography € lecture 


€ xeroradiography e physical examination 


All courses include 


€ self study 


€ practical application — € audiovisual materials 


Basic program is one week for all groups of attendees. 


e Approved for AMA Physicians Recognition Award, AMA Category | Credit on an hour for hour 


basis. 


e Program for technologists approved for 35 Evidence of Continuing Education Points (ECE) 
through the American Society of Radiologic Technologists. 


Courses are being held at the following institutions: 


Gerald D. Dodd, M.D. 
The University of Texas 
M. D. Anderson Hospital 
6723 Bertner Drive 
Houston, Texas 77025 


Richard H. Gold, M.D. 
University of California 

LA Medical Center 

Dept. of Radiological Sciences 
Los Angeles, CA 90024 


Harold J. Isard, M.D. 

Albert Einstein Medical Center 
North Division 

York and Tabor Roads 
Philadelphia, PA 19141 


Margaret R. Abernathy, M.D. 
Georgetown Univ. Medical Center 
3800 Reservoir Road, N.W. 
Washington, D.C. 20007 


Robert L. Egan, M.D. 

Emory University Clinic 

1365 Clifton Road, N.E., Rm. 133 
Atlanta, Georgia 30322 


John R. Milbrath, M.D. 

Dept. of Radiology 

The Med. College of Wisconsin 
Milwaukee County Medical Comp. 
8700 West Wisconsin Avenue 
Milwaukee, Wisconsin 53226 


Rita F. Girolamo, M.D. 

New York Medical College 
5th Avenue at 106th Street 
New York, New York 10029 


You may register directly through the center of your choice. 


Last opportunity for training — program ends on or about June 30, 1978 


*Contract NO1-CN-55177 ë 


For any further information contact: 


Daryl A. Walker 

American College of Radiology 
6900 Wisconsin Avenue 

Chevy Chase, Maryland 20015 
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CGR thanks you 


for your confidence 


CGR 
13, squa.e Max Hymans - 75741 PARIS - CEDEX 15 - FRANCE - Phone : 273.82.00 


CGR Medical Corporation 
Q Wilk | - BAL TIMOBE - MARYLAND 21203 USA. - Phone : (301) 233.23.00 





Signi icant 
Continuing Medical Education 
Programs 


for the Radiologist 


on Audio Cassette! 


Program 1: 
“Nuclear Medicine!" 
. with James L. Quinn, 3rd, M.D. 


and George P. Backer, M.D. 
5, one-hour Audio Cassettes 


ONLY $35.00! 


Program 2: 
^New Developments in 
Nuclear Medicine!" 
...à Supplement to the above program. 
With James L. Quinn, 3rd, M.D. 


and George P. Backer, M.D. 
4, one-hour Audio Cassettes 


ONLY $28.00! 





Program 3: Program 5: 
"Gastrointestinal Radiology!" "Computers in Medicine!" 
.. . with Roscoe E. Miller, M.D. . .. With Laurens Ackerman, M.D., Ph.D. 
and George P. Backer, M.D. and Daniel K. Harris. 
6, one-hour Audio Cassettes 6, one-hour Audio Cassettes 
ONLY $42.00! ONLY $42.00! 


Program 4: 
“Neuroradiology!” 
.. With Michael S. Huckman, M.D. 


and George P. Backer, M.D. 
6, one-hour Audio Cassettes 


ONLY $42.00! 


the institute of continuing education 
Sawyer, Michigan 49125 - Phone: 616-426-3433 


Please bill me for the following program(s) when shipped: 


10 per cent discount | 1 2 3 4 5 
on all orders | 
over $100.00! | 10 per cent discount on orders over $100.00 
| 
| 
| 


All orders shipped same day received, postpaid 


Name Orr a 
Address 
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Presenting the ultimate 
in Ultrasound Resolution. 








By employing a computer designed transducer head, parabolic mirror, VIDOSON 735 SM 


and water path, Siemens has overcome the problem of near-field 


Parallel Beam Scanner 
distortion and loss of resolution in the far field so typical in conventional ae 


A unique high resolution instrument 


scanners. : de : 

for all real-time and static imaging 
The Siemens Vidoson 735 SM thus assures nearly constant resolution applications, including superficial 
over the entire image range. organs and vessels. 
This new instrument is a sophisticated water path scanner designed m Excellent uniform resolution from 
to combine real-time gray scale imaging with the best resolution specially focused 3.0MHz beam 
properties yet demonstrated by a commercial real-time ultrasound B Simple to use, increases patient 
scanner. throughput. 

m Water path gives artifact-free 

Siemens Corporation : images 


Electromedical Division 5 
186 Wood Ave. South, Iselin, N.J. 08830 
Telephone (201) 494-1000 


Enhanced display of structure 
contours and boundaries. 


A new generation of Ultrasound... 





ULTISON 400 


Sequenced Linear Array 
^ real-time B-scanner which is the 
deal instrument for the practicing 
obstetrician and gynecologist, 
although its versatility and image 
quality make it eminently suitable for 
any other imaging applications. 

Life-size image display 

Variable focal distance 

Left/right image reversal 


Electronic caliper 





TOMOSON 


Compound B-Scanner 

A general purpose contact scanner 
for A-, B-, and M-mode imaging. 

B Sharp images giving high detail 
m Highly stable image storage 


m Frequency range of 1.5MHz 
to 6MHz 


m Quadruple display of images 
made at different gain settings. 


m Compact and mobile 


B Light-beam indicator for localizing 
sectional plane. 


or every application. 





Echocardiograph 

An M-Mode scanner especially 
designed for cardiac studies. 

m High resolution gray scale images 


m Variable output power for optimum 
scan performance. 


B Exceptional TGC characteristics 
including posterior damping 
capability and expand control. 


B Synchronous M-Mode and ECG 
with optional pulse, phono and 
pressure modules. 





THE UP-TIME 


“We got 66,000 hours of operation from our KODAK 
X-OMAT Processor with only 48 hours downtime. 
That works out to 99.9993% up-time." 


For more about this example of cost effectiveness 
and information on new developments in Up-time 
Processors from Kodak, read on. 


} are virtually unmatched in per- 
E - formance. When you're consid- 
“i. ering processors, you'll dis- 
| |  coverthere’s a dependable 
. © KODAK Up-time Processor to fit 
|: your needs. 
_ 90-second processing: You're 


Dr. Willard Smullen, right, and John LaFond, 


RT(R), FASRT, with the KODAK X-OMAT Pro- 


cessor, Model M3, which served St. Mary’s 
Hospital in Decatur, Illinois, for 14 years 
with a total of 2 days out for service. It pro- 
cessed 1.3 million sheets of film and 61 
miles of 70-mm and 16-mm film. 


When you buy a processor, it 
may be years before you know 
the true cost. It all depends on 
how many hours of trouble-free 
service the processor gives 
you. That may be one reason 
KODAK RP X-OMAT Processors 


familiar with the Model M6A-N, 
which provides consistent high- 
quality, 90-second processing. 
Now you can get the same de- 
pendability in anew 90-second 
processor that uses an ambient 
water wash (40-90°F). Called 
the Model M6AW, it occupies 
only 5 square feet of floor 
space and can save you money 
on initial plumbing and subse- 
quent water-heating costs. 
150-second processing: The 
Model M7A also provides for an 
ambient water wash (40 to 
87°F). In addition, it features an 
automatic standby control to 
decrease wear and power con- 
sumption when the processor 
must be left on but no films are 
being processed. For an even 
greater saving, you can order 
the KODAK RP X-OMAT Water 


Saving Kit, Model M7. This ac- 
cessory turns off the water flow 
completely when the processor 
is not in use. 


For special procedure radiog- 
raphy: The Model SP Processor 
is specifically designed to meet 
the high-volume needs of the 
angiographer and neuroradiol- 
ogist. You have a choice 

of 200-second or 150-second 
processing. The shorter cycle 
can be used with all KODAK 
X-OMAT Films. The longer cycle 
extends automatic processing 
to include such films as KODAK 
BLUE BRAND Film. Film 
throughput speed is compara- 
ble to that of any KODAK RP 
X-OMAT Processor. 


If you've been using Kodak pro- 
cessors, you probably have a 
reliability example of your own. 
if you'd like to know more about 
Kodak processors, just ask your 
Kodak representative. Or con- 
tact your dealer in Kodak x-ray 
products. Either will be glad to 
show you why we call them the 
Up-time Processors. 


TURNING ENERGY 


INTO IMAGES 
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The $12,000 
problem 


Retakes due to technic error are probably costing 
your x-ray department $12,000 per year per room.* 











avarhaad lahnr and materials 
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«and the 
MPX solution. 


MPX computerized radiographic generators with Quantamatic be 
technic management provide consistent, standardized results. 


MPX can be programmed sizes,including pediatrics; 





with up to 200 of your programs technics for the 
department's technics. k Me : whole body, including 
Simple pushbuttons recall |MPX— cost-effective standardization extremities; and allows the 
either fixed time or AEC for the professional. radiographer to vary technic 
technics and full displays of factors on command. 

all programmed parameters. MPX virtually So rely on MPX to put an end to your $12,000 
eliminates retakes caused by technic errors problem while providing greater radiographic 
by providing consistent recall of standardized consistency and increased throughput. 
factors. General Electric Medical Systems, 

Only MPX manages technics for all patient Milwaukee, Toronto, Madrid. 


100 Years of Progress for People 
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e Choice of dose forms e» Minimal side effects 





Oragrafin' 
Calcium Granules 


(Ipodate Calcium for Oral Suspension U.S.P) 
for rapid same day cholecystography 


Oragrafin' 


oodium Capsules 


(Ipodate Sodium Capsules U.S.P) 
for routine overnight cholecystography 
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Oragrafin® Calcium Granules 
Ipodate Calcium for Oral Suspension U.S.P. 


Oragrafin" Sodium Capsules 
Ipodate Sodium Capsules U.S.P. 


CONTRAINDICATIONS: Both preparations are contraindi- 
cated in patients who are hypersensitive to ipodate salts. 
WARNINGS: A history of sensitivity to iodine per se orto other 
iodinated compounds is not an absolute contraindication to 
theuse of these preparations, but calls for extreme caution in 
administration. 

Usage in Pregnancy: The safety of these preparations for 
use during pregnancy has not been established; therefore, 
they should be used in pregnant patients only when, in the 
judgment of the physician, their use is deemed essential to 
the welfare of the patient. 

PRECAUTIONS: Increasing the dosage above that recom- 
mended increases the possibility of hypotension. Anuria may 
result when these preparations are administered to patients 
with combined renal and hepatic disease or severe renal im- 
pairment. Renal toxicity has been reported in a few patients 
with liver dysfunction who were given oral cholecystographic 
agents followed by urographic agents. Administration of 
urographic agents should therefore be postponed in any pa- 
tient with a known or suspected hepatic or biliary disorder 
who has recently taken a cholecystographic contrast agent. 
Gastrointestinal disorders which interfere .with absorption 
and liver disorders which interfere with excretion may result in 
nonvisualization of the hepatic and biliary ducts and the gall- 
bladder.Contrastagents may interfere with somechemical de- 
terminations made on urine specimens; therefore, urine 
should be collected before administration of the contrast 
media or two or more days afterwards. Thyroid function tests, 
ifindicated, should be performed prior to the administration of 
these preparations since iodine-containing contrast agents 
may alter the results of these tests. 

ADVERSE REACTIONS: Mild and transient nausea, vomit- 
ing, or diarrhea sometimes occur; the incidence can be re- 
duced by using the calcium granules and restricting the 
dosage to 3 g. in persons prone to gastrointestinal reactions. 
Transient headache, dysuria, or abdominal pains may occur. 

Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions (fever, rash, arthralgia), other skin 
rashes, and rarely anaphylactoid shock. They are more likely 
to occur in persons with a history of allergy, asthma, hay fever, 
or urticaria and in those who are known to be hypersensitive 
to iodine compounds. 

Note Concerning Dosage: A total dose of 6 g. (12 cap- 
sules or 2 packets of Granules) per 24-hour period should not 
be exceeded. 

For full information, see Package Insert. 

HOW SUPPLIED: Oragrafin Calcium Grartules (Ipodate Cal- 
cium for Oral Suspension U.S.P.) provide 3 g. ipodate calcium 
per packet; available in boxes of 25 single-dose foil packets. 
Oragrafin Sodium Capsules (Ipodate Sodium Capsules 
U.S.P) provide 0.5 g. ipodate sodium per capsule; available 
inboxes of 25 vials (each vial contains 6 capsules), in bottles 
of 100, and in Unimatic® packages of 100. 


€1977 E R Squibb & Sons, Inc H637-502 










PATHOLOGY IN COMPUTED 
TOMOGRAPHY OF THE BRAIN 


By Scott D. Henderson, Rush-Presbyterian-St. Luke's Med- 
ical Center, Chicago. This atlas contains over 800 pictures 
representing more than 400 cases of pathology as demonstrated 
on computed tomograms of the brain. These cases are ar- 
ranged, according to pathology, into nineteen chapters. The 
presentation of the scans in each chapter is preceded by a 
general explanation of the pathology and a description of the 
common presentation of that pathology on the CT scan. 















































Chapters are included for atrophy, cysts and porencephaly, 
hydrocephalus, infarcts, intracerebral and subarachnoid hem- 
orrhages, subdural and extradural hematomas, aneurysms, ar- 
teriovenous malformations, abscesses, and orbitals. Also 
discussed in separate chapters are pituitary adenomas and cra- 
niopharyngiomas, pinealomas, meningiomas, acoustic neu- 
romas, gliomas, medulloblastomas, metastases, tuberous 
sclerosis, and miscellaneous pathological conditions. 


Since certain of these pathologies present in a characteristic 
manner on the CT scan, a reasonable approach to the study of 
pathology is to review a large number of scans categorized 
according to specific pathologies. This book provides just such 
an opportunity. It illustrates both the potential and the limita- 
tions of this diagnostic technique. It will greatly facilitate 
learning, and will continue to serve the tomography techni- 
cian, resident, and practicing radiologist as a reference of un- 
paralleled comprehensiveness and clarity. '78, 216 pp. (6 3/8 x 
9 5/8), 839 il., $17.50 


PERCUTANEOUS 
ANGIOGRAPH Y 


By S. Swamy, Michael Reese Medical Center; Lewis Irwin 
Segal, Louis A. Weiss Memorial Hospital; and S. Mouli, 
Foster-McGaw Medical Center; all of Chicago. A new dimen- 
sion is added to the practice of angiography with the publica- 
tion of this comprehensive volume. In-depth clarification is 
offered of the basic techniques of angiography, the problems 
encountered, and the limitations of the technique. 


The text is divided into three sections: Basics, Techniques, and 
Patterns. The first section carefully covers the roles of the 
patient, the physician and the equipment. It also deals with 
the programming of standard studies, including such details as 
catheter wire, amount of contrast and rate of filming. 


The second section — Techniques — describes specific angio- 
graphic methods. Anatomical aspects, physiological points, 
and accepted pharmacological agents are discussed. The ratio- 
nale for the technique is thoroughly explained and a special 
recipe section is devoted to the systematic study of disease 
processes in their entirety. 


The final portion of the text explores patterns in angiography. 
The authors have classified the patterns according to pa- 
thology rather than anatomy. Specific items discussed in this 
section include diseases of the vascular wall, dilation and nar- 
rowing, occlusions, collateral circulation, abnormal flow, hy- 
pertension, hypervascularity, staining, inflammation and 
tumors. À voluminous bibliography of over 1500 references 
follows the text. '77, 848 pp. (8 1/2 x 11), 1455 il., $80.00 


Orders with remittance sent, on approval, postpaid 


301-327 EAST LAWRENCE 


SPRINGFIELD : ILLINOIS:62717 





For Double Contrast Stomachs, Use 


"E-Z-HD 


High Density with High Fluidity 
Barium Sulfate for Suspension USP 


Double contrast radiography appears to 
offer the potential for significant 
improvements in diagnostic accuracy. 





Double contrast studies of the stomach 
best demonstrate the surface pattern of 
the stomach (areae gastricae). This leads 
to improved detection of superfical 
erosions and ulcers, malignancies, 
polyps and other benign tumors, and 
ulcer scars. 


E-Z-HD barium sulfate provides the basic 
ingredient necessary for good double 
contrast of the stomach. 


The higher the density of the barium 
suspension, the better the coating, 
E-Z-HD allows for the highest density 
suspension of any commercial product 
on the market today: 85% w/w, 250% 
w/v. E-Z-HD achieves this density while 
remaining fluid for ease of administration. 


e High density 
* High fluidity 
e Palatable 
e Unit dose convenience. 
E-Z-HD — The barium for the double 





Ede js 
NOTE THE ANTRAL POLYP (ARROW) AND THE LACELIKE AREAE GASTRICAE IN THE BODY OF THE STOMACH. contrast examination of the stomach 
Film, courtesy of Robert E. Koehler, M.D. Washington University, Dep't. of Radiology, St. Louis, Missouri and diues. 


Optimal Density & Fluidity for the Modern 
Double Contrast Examination of the 
Stomach and Duodenum 


Refrences: For Further Information Write: 
David W. Gelfand: The Japanese-Style Double Contrast, Exami- 
nation of the Stomach, Gastrointest Radiol. 1, 7-17 (1976) 


Igor Laufer: The Diagnostic Accuracy of Barium Studies of the = 7 Portland Ave. 
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Stomach and Duodenum — Correlation with Endoscopy, 


Radiology 1 15: 569-573, June 1975 Ea Westbury, New York 11590 
Roscoe E. Miller: The Air Contrast Stomach Examination: an ] (51 6) 333-8230 
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Is making...not will make. 
Thats the difference between a 
commitment and a claim. And 
thats why Pfizer encourages 
questions about our CT scanner. 
We think that when its time to 
compare answers, youll see the 
difference for yourself. 

Prestigious installations. 
Pfizer has over 150 working CT 
sites in the United States and 13 
foreign countries. Our list includes 
installations at University of Colo- 
rado Medical Center, Columbia- 
Presbyterian Medical Center 
Hospital, Johns Hopkins Hospital, 
Michigan State University Hospital, 
University of Minnesota Hospital, 
and Yale-New Haven Hospital. 

Near-perfect service. 

A worldwide network of dedicated, 
experienced service engineers, 


the manufacturer is making. 


each capable of total system main- 
tenance. They've provided a 
documented average uptime 
record of 9696 for installations in 
the U.S. And thats a remarkable 
service record in the CT industry. 


Complete product line. 
A full family of scanning equip- 
ment. From the industry's first 
total-body scanner to our bench- 
mark 0200F'S whole-body unit, 
up to the recently announced 
Pfizer/AS&E CT scanner — 
the first high resolution fourth- 
generation scanner. Pfizer now 
offers one of the most complete 
lines of CT scanning equipment in 
the world. Featuring CT images of 
outstanding clarity, mobile patient 
handling systems, diagnostic flexi- 
bility and advanced software 
capability every step of the way. 

Pfizer and AS&E. Together. 
Early this year, Pfizer Medical Sys- 





tems, Inc. signed an agreement 
with Amencan Science and En- 
gineering, Inc. Pfizer and AS&E, 
both pioneers in the industry, will 
continue to develop new radiolog- 
ical products, including a revolu- 
tionary cardiac scanner. It was 
Pfizer who developed the first 
whole-body scanning system. It 
was AS&E who first introduced 
fourth-generation geometry, 
acknowledged as the most ad- 
vanced CT technology in the 
world. And together we will con- 
tinue to practice our commitment. 
Not just promise it. 

For more information, wnte 
Pfizer Medical Systems, Inc., 
Dept. JR, 9052 
Old Annapolis 
Road, Columbia, 
Maryland 21048. prizer MEDICAL SYSTEMS, INC. 
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Searle's large field of view scintillation 
camera, in its standard configuration, 
is the only instrument of its type which 
allows you to set window width and 
energy level on 3 independent analyz- 
ers for unique isotopes and special 
studies...the only one which lets you 
take full advantage of the diagnostic 
potential in multi-peak nuclides such 
as Gallium 67. This is a great advan- 
tage in soft tissue studies where high 
sensitivity and superior resolution are 
vital. 


LARGE SELECTION OF COLLIMATORS 

To sharpen your images even more, the 
Pho/Gamma LFOV offers a large as- 
sortment of converging and parallel 
hole collimators designed and de- 
veloped by Searle Radiographics. 
There is a significant improvement in 
the resolution of deep-seated struc- 
tures with converging collimation. In 
renal studies, for example, the images 
















possess such clarity that it is possible 
to obtain even oblique views of diag- 
nostic quality. Converging collimation 
also brings enhanced sensitivity to the 
imaging of small organs. 


The large field of view with parallel hole 
collimation can simultaneously image 
both kidneys or both lungs. Thus, where 
a standard field of view camera re- 
quires 2 studies, the Pho/Gamma LFOV 
routinely does the job with only one. 


EASE OF OPERATION 

The Pho/Gamma LFOV has eleven fac- 
tory pre-set isotope windows for opera- 
tor convenience. Automatic peaking 
assures remarkable reproducibility 
from study to study and from day to day. 


IMPROVED ELECTRONIC DESIGN 

New ratio correction circuitry allows 
wider window widths, shortens study 
times, reduces motion artifact and in- 
creases patient throughput. Other elec- 
tronic innovations include pulse-pair 
pile-up rejection and event buffering 
circuitry. As a result, the Pho/Gamma 
LFOV is capable of count rates up to 
200,000 cps, which is sufficient for 
even highly specialized techniques 
such as dynamic cardiac studies. 


The introduction of the Pho/Gamma 
LFOV in 1975 was a milestone in 
nuclear imaging. Since then, this ad- 
vanced instrument has earned a repu- 
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tation as the finest, most versatile scin- 
tillation camera you can buy. Today, 
clinicians rely on the Pho/Gamma 
LFOV for improved diagnostic clarity, 
shortened study times and greater pa- 
tient comfort in lung, brain, whole body 
bone, renal and abdominal (liver) 
blood flow studies. 


INSTRUMENTATION BACKED BY 
SUPERIOR SERVICE 

Searle Service is one of the largest, 
highly trained Service Organizations in 
the nation. This trained and knowl- 
edgeable group is dedicated to main- 
taining highest quality instrument per- 
formance in your laboratory. 


For more information about the 
Pho/Gamma LFOV system, including 
the unique Micro Dot™ Imager and 
Scintiscan™ Whole Body Table, call 
your Searle representative or write: 
Searle Radiographics, Inc., 2000 Nu- 
clear Drive, Des Plaines, IL 60018. 
Telephone: (312) 298-6600. 
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Searle Radiographics, Inc. 
Subsidiary of G. D. Searle & Co. 
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. Now you can get the dependability of Kodak's 90-second 
automatic processor, with the convenience and savings of 
ambient water wash and reduced water flow. 


The KODAK RP X-OMAT Processor, Model 
.. M6AW, gives you fully processed, dry, 
. ready-to-read radiographs in 90 seconds, and 
uses tap water from 40° to 90°F (4-32*C). This 
eliminates the need for hot-water plumbing 
. anda thermostatic mixing valve, and enables 
|. you to install the Model M6AW wherever 
-— you have a tap-water outlet and drain. Since 
hot water is not required, you can save on 
energy costs. 

A new air-type heat exchanger helps control 
. developer temperature, making the Model 
-~ M6AW independent of hot-water availability. 
. The single water service eliminates the possi- 
bility of developer temperature fluctuations 
due to abrupt changes in water pressure 
or temperature. 

This reliable new processor occupies less 
than five square feet of floor space, but can 
process an average of 385 sheet films of 


ATER WASH. 


intermixed sizes per hour. And it can process 
roll films up to and including 17 inches in width 
at the rate of 66 inches per minute. 

A standby control unitis also available, to 
turn off water as well as drive and dryer 
mechanisms when not in use; further reducing 
power consumption and wear. 

Dependability, 90-second processing, 
energy-saving. That's the KODAK RP X-OMAT 
Processor, Model M6AW. Ask your Kodak 
Technical Sales Representative or your x-ray 
products dealer to show you how this new 
processor can serve your department. Or 
write: Eastman Kodak Company, Dept. 740-B, 
Rochester, New York 14650. 
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7? We want you to get all the detail possible in your 
"diagnostic pictures. 

| That's why we have a technical assistance service. 


Wed like to help you take full advantage of the qual- 
ity we've built into all our professional instant films. 
73 And since the picture cant be better than the 
image on your video monitor, our experts are pre- 
"pared to help you achieve optimum results from your 
"particular diagnostic equipment. 
m Polaroid black-and-white Land films have the sen- 
‘sitivity, resolution, exposure latitude and gray scale 
“necessary to give you excellent diagnostic photo- 
"graphs on the spot. One of our films will give you 
oth a positive and a negative instantly. With our 
Polacolor 2 film, you can record high-resolution color 
images in 60 seconds. All of our films are self-devel- 
oping. You dont need a darkroom or processing 
"equipment to get the pictures you want. 
3 These films are being used in computerized tomog- 
raphy, ultrasound imaging, nuclear medicine and 
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thermography. If you’re working in any of these fields, 
make our technical assistance service part of your 
diagnostic system. It costs you nothing. Simply call 
our toll-free number or write to us if you have any 
questions. 

We can't help you diagnose your patients’ troubles, 
but we can certainly help you diagnose your 
photography. 

Call us on our toll free technical assistance number 
or write to Polaroid Corporation, Dept. A385, 575 
Technology Square, Cambridge, Mass., 02139. 
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Differential Effects of Pitressin on Blood Flow and Oxygen Extraction in 
Canine Vascular Beds 


RICHARD J. STECKEL,' ALEXANDER KOLIN,? REX N. MacALPIN,? HAROLD D. SNOW,':* GUY F. JUILLARD,' 
ALAN S. TESLER,' AND JUDITH METZGER' 


Physiologic studies in dogs have been performed with an 
intravascular flow/diameter sensor which can be introduced 
directly into the aorta or its branch vessels through a percu- 
taneous radiologic catheter. These studies have focused upon 
attempts to devise a clinically practical means to protect the 
small intestine from radiation damage during therapy of ab- 
dominal and pelvic malignant tumors. The effects on superior 
mesenteric, renal, and lower extremity blood flows of con- 
trolled infusions of Pitressin given directly into the superior 
mesenteric artery or into a peripheral vein have been mea- 
sured. In addition, using these regional flow measurements 
and arteriovenous differences in oxygen content, regional 
tissue oxygen extraction rates during Pitressin infusions have 
also been estimated. The data show that intravenous Pitressin 
at an infusion rate of 0.0124 U/kg/min may be almost as 
effective as Pitressin given directly into the superior mesen- 
teric artery in lowering superior mesenteric blood flow (40%- 
70% reduction for intravenous, 50%-70% for direct arterial 
infusions) and intestinal oxygen extraction (2096-6096 reduc- 
tion for intravenous, 40%-50% for direct arterial infusions). 
The effects of Pitressin at similar dose rates on the kidney 
and the lower extremity are less reproducible, and it is 
possible that relatively selective radiation protection of the 
intestine using systemic (intravenous) infusions of Pitressin 
during abdominopelvic radiotherapy might be achievable. 


Introduction 


Developmental studies with a unique intravascular 
flowmeter and diameter sensor which can be introduced 
percutaneously through a radiologic catheter were re- 
ported recently [1]. We now report further progress with 
the application of this instrument, including studies 
performed over the past year to quantify tissue ischemia 
induced by infusions of vasopressin (Pitressin) for radia- 
tion protection of the intestinal tract. 

In these studies, intravascular flowmeters were intro- 
duced through radiologic catheters under fluoroscopic 
control into the superior mesenteric artery, iliac artery, 
and renal artery of the dog (fig. 1). By sampling arterial 
blood as well as effluent venous blood from tissues 
supplied by these arteries (to obtain arteriovenous differ- 
ences in blood oxygen content) and by measuring re- 
gional blood flow with intravascular flowmeters, the 
relative effects of various doses of intravenous or intraar- 
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terial Pitressin local tissue oxygen extraction rates can 
also be inferred. The formula used was: oxygen extrac- 
tion rate (ml/min) = blood flow (ml/min) x arteriovenous 
oxygen difference (vol %)/100. 

Since the rate of local oxygen extraction from blood is 
an indirect indicator of oxygen availability to the intes- 
tine, the lower extremity, or the kidney during Pitressin 
infusions and during corresponding control periods, the 
capability for inducing temporary cellular hypoxia (and 
consequent radiation protection) by varying the doses 
and routes of administration of Pitressin can also be 
inferred. The goal of the experiments was to optimize the 
dose and route of Pitressin administration (intraarterial 
versus intravenous) in order to develop a clinically appli- 
cable method for protecting normal tissues and organs 
from radiation damage during clinical radiotherapy. 

Earlier pilot animal investigations have shown the 
feasibility of protecting the small bowel from radiation 
damage by either intraarterial or intravenous Pitressin 
infusions at low dose rates [2-4]. Similarly, animal as 
well as preliminary clinical studies have indicated the 
capability of another vasoactive drug (Epinephrine) to 
protect the normal kidney by direct renal artery infusion 
of the drug during radiotherapy to the abdomen [5-9]. 


Materials and Methods 


Eleven randomly bred shepherd dogs weighing 25 kg each 
were used in these studies. All physiologic investigations were 
performed under light intravenous sodium thiamylal (Surital) 
anesthesia. After induction of anesthesia, all dogs were intu- 
bated and continuous catheter drainage of the bladder was 
begun. Good hydration was maintained by a continuing intra- 
venous infusion of normal saline. 

The animals were divided into three groups. In group 1 (seven 
dogs), the relative effects of intravenous versus intraarterial 
Pitressin infusions at different dose levels on superior mesen- 
teric artery blood flow and tissue oxygen extraction rates in the 
small intestine were measured. In group 2 (two dogs), tissue 
oxygen extraction rates were measured in a lower extremity, 
together with continuous blood flow measurements in the 
corresponding iliac artery and in the superior mesenteric artery 
during Pitressin infusions given into the superior mesenteric 
artery or a peripheral vein. In group 3 (two dogs), arterial blood 
flows and relative tissue oxygen extraction rates were measured 
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Fig. 1. —A, Flow/diameter probe (arrow) emerges from tip of catheter in proximal superior mesenteric artery. B, Contrast material can be injected 
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and blood sampled through same catheter. C, In group 2 experiments, catheters were placed via percutaneous femoral artery and femoral vein 
punctures into contralateral iliac artery and vein. Ground electrode of flow/diameter probe (arrow) emerges from catheter tip in left iliac artery. Tip of 


upper catheter is in left iliac vein. 


in one kidney during the infusion of Pitressin directly into the 
superior mesenteric artery or a peripheral vein. The purpose of 
the group 2 and group 3 experiments was to compare the 
"focused" effects of Pitressin on the mesenteric circulation 
(group 1) with its effects on two reference vascular beds, the 
kidney and lower extremity. Simultaneous recordings of sys- 
temic arterial pressure and of respiration were also performed 
during all experiments, as well as measurements of vascular 
diameters using the same intravascular sensors as for the blood 
flow measurements. All blood oxygen content determinations 
were performed with a Lex O; Con analyzer (Lexington Instru- 
ments Corp., Waltham, Mass.). The experimental conditions for 
the three groups are summarized in table 1. 


Group 1 


After anesthesia induction and intubation, the abdomen was 
opened and a catheter introduced in the direction of blood flow 
into the splenic vein. Subsequently, under fluoroscopic control, 
the same catheter was threaded proximally into the superior 
mesenteric vein and the tip left near the junction of the superior 
mesenteric and portal veins. Next, a catheter was introduced by 
cutdown procedure into the left carotid artery and maneuvered 
fluoroscopically into the superior mesenteric artery. Another 
catheter was introduced percutaneously into one iliac artery 
and was left in the infrarenal aorta for continuous blood pres- 
Sure recording and intermittent arteria! sampling. Next, an 
intravascular flowmeter and diameter probe was inserted under 
fluoroscopic guidance through the radiologic catheter into the 
proximal superior mesenteric artery (figs. 1A and 1B). The 
animal's body was then placed inside a ringshaped extracorpo- 
real electromagnet; the position of the magnet was adjusted to 
produce a maximum signal in the superior mesenteric artery 
probe (fig. 2). 

After baseline determinations, simultaneous measurements 
were made of superior mesenteric artery blood flow and sys- 
temic blood pressure while superior mesenteric artery and 
portal vein blood was sampled to estimate intestinal oxygen 
extraction during arterial or venous Pitressin infusions. In five 
of the seven dogs, flow measurements with blood oxygen 
sampling were done during Pitressin infusions at a rate of 
0.0124 U/kg/min, 4 min after initiating an intravenous or an 


TABLE 1 


Summary of Experimental Conditions 
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1 2 3 
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intraarterial infusion. In the remaining two dogs, a lower Pitres- 
sin infusion rate of 0.0032 U/kg/min was used. 


Group 2 


Catheters were placed percutaneously (Seldinger technique) 
into an ipsilateral femoral artery and vein and threaded under 
fluoroscopic control around the aortic and caval bifurcations, 
respectively, into the contralateral iliac artery and vein (fig. 1C). 
Confirmatory radiographs were taken, and an electromagnetic 
flow and diameter sensor was then introduced under fluoro- 
scopic control into the contralateral iliac artery through the 
femoral arterial catheter. Next, a catheter was introduced by 
cutdown procedure into the left carotid artery and directed 
under fluoroscopic control into the superior mesenteric artery. 
A second intravascular flow/diameter probe was introduced 
through this catheter into the proximal superior mesenteric 
artery; confirmatory films were taken. 

The animal was positioned within the circular extracorporeal 
electromagnet and the magnet position adjusted to obtain an 
optimum signal in the superior mesenteric artery probe. A 
second small doughnut-shaped electromagnet was placed on 
the skin overlying the iliac artery vascular probe and adjusted to 
obtain a maximum signal in this probe (fig. 2). Subsequently, 
blood sampling was performed through the iliac artery and iliac 
vein catheters to obtain arteriovenous oxygen differences dur- 
ing blood flow measurements in the iliac artery and the superior 
mesenteric artery. These measurements were done during 
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Fig. 2.— Large ring-shaped electromagnet coil is placed 
around animal's body to measure superior mesenteric 
artery blood flows; smaller doughnut-shaped electromag- 
net may also be placed externally over iliac artery for 
regional blood flow measurements. Flow/diameter probes 
are placed through left carotid artery into superior mes- 
enteric artery and into left iliac artery via right femoral 
artery catheter (group 2 experiments). 


preinfusion control periods and 4 min after the initiation of 
Pitressin infusions (0.0124 U/kg/min) into the superior mesen- 
teric artery or into a peripheral vein. 


Group 3 


Catheters were placed percutaneously via punctures in the 
femoral artery and vein into an ipsilateral renal artery and vein, 
respectively. An intravascular flow/diameter probe was then 
positioned fluoroscopically in the catheterized renal artery. 
Another catheter was introduced via cutdown procedure into 
the left carotid artery and directed by fluoroscopic control into 
the superior mesenteric artery. As in groups 1 and 2, an 
intravascular flow/diameter probe was introduced through this 
catheter into the proximal superior mesenteric artery. Simulta- 
neous recordings of renal artery and superior mesenteric artery 
blood flows were made while blood from the renal artery and 
the corresponding renal vein was sampled to determine arteri- 
ovenous oxygen differences. These measurements were ob- 
tained during Pitressin infusions (at a rate of 0.0124 U/kg/min) 
into the superior mesenteric artery or into a peripheral vein, as 
well as during preinfusion control periods. Systemic blood 
pressure recordings were also made through the superior mes- 
enteric artery catheter. 
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Results 


The arterial blood flows, concurrent arteriovenous 
differences in blood oxygen content, and calculated 
tissue oxygen extraction rates are summarized in table 2 
and figures 3-6. In all experiments (groups 1-3), a more 
abrupt diminution in superior mesenteric artery blood 
flow was observed when Pitressin was given directly into 
the superior mesenteric artery compared to a peripheral 
vein infusion (fig. 7). 


Group 1 


Blood Flow. Changes in superior mesenteric artery 
blood flow induced by intravenous or superior mesen- 
teric artery Pitressin infusions are shown in figure 3 as 
percentages of average control values. Average control 
blood flows were obtained by averaging the observed 
superior mesenteric artery flow immediately before be- 
ginning an intravenous Pitressin infusion and immedi- 
ately before beginning an intraarterial infusion. In all 
experiments, blood flows were allowed to return to the 
initial control values before beginning another drug 
infusion, or 15 min was allotted after discontinuing the 
last infusion — whichever was longer. 

In only one of the five dogs in which the Pitressin 
infusion rate was 0.0124 U/kg/min (fig. 3) was the super- 
ior mesenteric artery blood flow reduced 1096 more 
during an infusion into the superior mesenteric artery 
compared to an intravenous Pitressin infusion (dog 4). 
Similarly, in one of the two dogs receiving the lower 
Pitressin dose rate (0.0032 U/kg/min) the superior mes- 
enteric artery blood flow was 10% less during a mesen- 
teric artery Pitressin infusion compared to a peripheral 
vein infusion (dog 7). 

Oxygen Extraction. In figure 4, the intestinal oxygen 
extraction rates in the seven dogs are plotted as percent- 
ages of the mean control values before drug infusions, 
during both intraarterial and intravenous Pitressin infu- 
sions. Disparities between the physiologic effects of 
Pitressin infusions into the superior mesenteric artery 
versus intravenous infusions were, in fact, accentuated 
when the superior mesenteric artery flows and arterio- 
portal oxygen differences were used to compute intes- 
tinal oxygen extraction rates. In five of the seven dogs. 
there was a greater than 1096 further reduction in the 
intestinal oxygen extraction rate during a Pitressin infu- 
sion directly into the superior mesenteric artery com- 
pared to an intravenous infusion. However, in one (an 
animal given the lower Pitressin dose of 0.0032 U/kg/ 
min), the intravenous Pitressin infusion was more effec- 
tive than a direct arterial infusion in lowering the superior 
mesenteric artery blood flow and intestinal oxygen ex- 
traction (dog 6, figs. 3 and 4). 


Group 2 


Blood Flow. In these two experiments, blood flows 
were measured simultaneously in the superior mesen- 
teric artery and in the left iliac artery. Figure 5 shows that 
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TABLE 2 
Data from Blood Flow and Oxygen Extraction Experiments 
Mean Control Values During Intravenous Pitressin Infusion During — Mesenteric Artery 
itressin Infusion 
Group Son MUN Artoria Oxygen Arteriovenous Astertal Oxygen Arteriovenous Astonia ` Oxygen 
nats Flow Extraction mei: Flow Extraction Tie FI Extracti 
rw (ml/sec) (ml/sec) gs j (ml/sec) (ml/sec) greg iri npe 
Group 1:* 
Dos 1. 3.61 1.68 0.062 3.78 0.73 0.028 2.78 0.70 0.020 
Dog 8 .... 5.73 2.30 0.132 8.16 0.66 0.054 6.17 0.72 0.044 
Dog 3 x55 5.57 1.95 0.109 8.75 0.91 0.080 6.85 0.73 0.050 
DOG & .... 2.90 1.40 0.036 3.06 0.90 0.028 1.14 0.70 0.008 
Don S .... 3.96 7.86 0.310 6.04 3.06 0.185 7.13 2.45 0.175 
Dog © .... 4.73 1.96 0.093 6.50 0.92 0.060 7.83 1.04 0.081 
Dog T -ir 6.29 2.90 0.179 8.32 1.85 0.154 6.78 1.56 0.106 
Group 2:t 
Don S uus. 5.01 1.86 0.086 5.95 0.53 0.032 6.81 0.73 0.050 
Dog 9 .... 5.03 0.66 0.033 6.05 0.31 0.019 5.55 0.75 0.042 
Group 3:1 
Dog 10... 3.16 0.88 0.028 2.41 0.39 0.009 1.39 0.14 0.002 
Dog 11 ..... 1.26 1.30 0.017 2.86 1.17 0.033 3.01 1.10 0.033 


Note.—Pitressin infusion rate for dogs 1-5 and 8-11 was 0.0124 U/kg/min; for dogs 6 and 7 the rate was 0.0032 U/kg/min. 

* Arteriovenous O: difference measured between aorta and portal vein; flow measured in superior mesenteric artery; oxygen extraction rate estimated for intestine. 
t Arteriovenous O, difference measured between aorta and left iliac vein; flow measured in left iliac artery; oxygen extraction rate estimated for left lower extremity. 
t Arteriovenous O; difference measured between aorta and right renal vein; flow measured in right renal artery; oxygen extraction rate estimated for right kidney. 
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Fig. 3.— Blood flows in superior mesenteric artery. Pitressin 
infusion rates were 0.0124 U/kg/min (solid lines) and 0.0032 U/ 
kg/min (dashed lines). In this and subsequent graphs, data points 
represent measurements 4 min after start of Pitressin infusion, 
while infusion was being continued. 


blood flow actually increased in the left iliac artery in 
dog 9 during the superior mesenteric artery infusion of 
Pitressin (dose rate of 0.0124 U/kg4min). 

Oxygen Extraction. Similarly, the calculated oxygen 
extraction rate for the left lower extremity in dog 9 was 
12796 of the average control value during the superior 
mesenteric artery Pitressin infusion (fig. 6), based upon 
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Fig. 4.—Intestinal oxygen extraction rates. Pitressin infusion 
rates were 0.0124 U/kg/min (solid lines) and 0.0032 U/kg/min 
(dashed lines). 


observed iliac blood flows and arteriovenous oxygen 
differences. 


Group 3 


Blood Flow. In these two animals, blood flows were 
recorded in the right renal artery during preinfusion 
control periods as well as during infusions of Pitressin at 
a rate of 0.0124 U/kg/min into the superior mesenteric 


EFFECT OF PITRESSIN ON BLOOD FLOW AND OXYGEN EXTRACTION 
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Fig. 5.—Lower extremity (group 2, dashed lines) and renal 
(group 3, solid lines) blood flows. Pitressin infusion rate was 
0.0124 U/kg/min. 


artery or into a peripheral vein. In one of the two dogs 
(dog 11), there was minimal reduction in right renal 
blood flow during both the superior mesenteric artery 
and the intravenous Pitressin infusions (figs. 5 and 7). 

Oxygen Extraction. Of greater interest in dog 11, 
however, was that oxygen extraction rates for the kidney 
(estimated from observed renal blood flows and arterio- 
venous oxygen differences) during both intraarterial and 
intravenous Pitressin infusions were 190% of the mean 
control value (fig. 6). 


Discussion 


From these data it is clear that intravenous Pitressin is 
capable of causing a sustained diminution in superior 
mesenteric artery blood flow comparable to that pro- 
duced by a Pitressin infusion given directly into the 
superior mesenteric artery. However, the diminution in 
superior mesenteric blood flow is more abrupt with an 
intraarterial infusion (fig. 7). Pitressin by either infusion 
route at the dose rates used does not seem to have a 
significant differential effect on the systemic blood pres- 
sure, large vessel diameters, or respiration rate as ex- 
emplified in the recordings shown in figure 7. However, 
tachycardia and other reversible arrhythmias were ob- 
served frequently during Pitressin infusions at these 
dose rates (fig. 7B). This corroborates recent reports 
which indicate that intravenous Pitressin administration 
may be as effective as direct arterial infusion of the drug 
in lowering superior mesenteric blood flow and, in sub- 
jects with portal hypertension, the portal pressure as 
well [10-12]. Others continue to maintain that intraarter- 
ial Pitressin has a clinical therapeutic advantage over the 
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Fig. 6.— Lower extremity (group 2, dashed lines) and renal 
(group 3, solid lines) oxygen extraction. Pitressin infusion rate 
was 0.0124 U/kg/min. 


intravenous drug, specifically for controlling gastrointes- 
tinal bleeding [13]. 

In an attempt to obtain semiquantitative estimates of 
oxygen availability at the tissue level with intravenous 
and intraarterial infusions of Pitressin, blood flow data 
were combined with measured arteriovenous oxygen 
differences in the three experimental groups. In general, 
oxygen availability to the tissues of the intestine, as 
inferred from intestinal oxygen extraction rates (group 1 
experiments), is somewhat lower when Pitressin is given 
by direct superior mesenteric artery infusion compared 
to intravenous infusion at a dose rate of 0.0124 U/kg/min 
(fig. 4). On the other hand, measured blood flows and 
computed oxygen extraction rates for the lower extrem- 
ity (group 2 experiments) and the kidney (group 3 exper- 
iments) are inconclusive; one animal from each of these 
experimental groups showed an actual rise in regional 
blood flow and oxygen extraction rate during one or 
more of the Pitressin infusions. Observed variations in 
regional blood flow were not related to changes in 
systemic blood pressure during the Pitressin infusions. 

The methodologic limitations in estimating regional 
tissue oxygen extraction rates by combining observed 
regional arteriovenous oxygen differences with direct 
blood flow measurements should be mentioned. First, 
the time required for local oxygen extraction rates to 
reach “equilibrium” after the induction of ischemia by 
infusion of a vasoactive drug such as Pitressin is un- 
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Fig. 7.—A, Simultaneous recordings of aortic blood pressure, phasic (instantaneous) blood flows and mean blood flows in right 
renal and superior mesenteric arteries, and phasic (instantaneous) diameter recordings in same two vessels. Respiration is also shown 
in lower channel of recording. (1) and (2) in lower portion of recording denote beginning and end, respectively, of 5 min Pitressin 
infusion into superior mesenteric artery. Note rapid fall (arrow) in superior mesenteric artery blood flow after start of Pitressin infusion 
compared to relatively small changes in blood flow induced in right renal artery. There are no significant changes in aortic pressure or 
in vascular diameters. Short interruptions are caused by need to sample aortic blood for oxygen content during experiment. B, Infusion 
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of Pitressin about 30 min later at same rate (0.0124 U/kg/min) into peripheral vein. Blood flows and vascular diameters are measured 
simultaneously in right renal artery and superior mesenteric artery as before. Infusion begins at point (1) and concludes at point (2). 
Vertical arrow underneath aortic pressure recording denotes sudden change in systolic pressure caused by change in cardiac rhythm. 
(There are simultaneous "bumps" in flow recordings followed by relatively quick recoveries.) Effects of intravenous Pitressin infusion 
upon renal artery blood flow are minimal. However, there is gradual diminution in superior mesenteric artery blood flow during 


systemic (intravenous) drug infusion. 
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known. In addition, the contributions of collateral arterial 
blood inflow and of venous efflux from parallel vascular 
supplies such as the gastroduodenal artery and vein and 
the inferior mesenteric artery and vein have not been 
determined. Similarly, the contributions of the hypogas- 
tric vessels to the iliac artery and vein measurements in 
the group 2 experiments is unknown. Therefore, the 
oxygen extraction rates reported here for the intestine, 
lower extremity, and kidney should be regarded only as 
estimates of the relative availability of oxygen to these 
tissues during different physiologic states (i.e., during 
control periods and during intravenous or intraarterial 
Pitressin infusions). 

With these reservations, our data seem to confirm that 
in the anesthetized dog, intravenous Pitressin infused at 
a rate of 0.0124 U/kg/min is an effective agent for 
lowering blood flow as well as tissue oxygen availability 
in the small intestine; it might be expected to be nearly 
as effective (or as effective) for intestinal radioprotection 
as an infusion of Pitressin directly into the superior 
mesenteric artery. On the other hand, the effects of 
mesenteric artery and intravenous Pitressin infusions on 
other organs and regions of the body, such as the kidney 
and lower extremity, seem to be more variable in the 
dog. These observations suggest at least the possibility 
that relatively selective radiation protection of the intes- 
tinal tract might be achieved by a simple systemic (intra- 
venous) method of administering this agent during clini- 
cal radiotherapy [3]. 

Continuing experiments will focus on the physiologic 
effects of Pitressin on malignant tumors and their feed- 
ing vessels, as well as on other dose-limiting normal 
tissues which are potentially in the path of the therapeu- 
tic radiation beam. Since tumor vessels may be less 
responsive than normal vessels to vasoactive agents 
[14], there is reason to hope that blood flow to a malig- 
nant tumor and, hence, availability of oxygen at the 
tissue level in the tumor will not be influenced to the 
same degree by intravenous Pitressin as in the normal 
intestine. The result could be an enhancement of the 
therapeutic ratio of radiation on abdominal and pelvic 
tumors, relative to the normal intestinal tract, by intrave- 
nous Pitressin infusions [3]. Animal studies which use a 
semiquantitative method to estimate intestinal radiation 
damage during intravenous (versus intraarterial) Pitres- 
sin infusions are in progress. Preliminary findings indi- 
cate that intravenous Pitressin may be as effective as 
direct intraarterial administration of the drug for protect- 
ing the normal small bowel from radiation injury. 
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Effects of Intravenous Vasopressin on Canine Mesenteric Arterial Blood 
Flow, Bowel Oxygen Consumption, and Cardiac Output 


CHRISTOS A. ATHANASOULIS,' ARTHUR C. WALTMAN,' JULIAN THAYER SIMMONS,’ BARBARA SHEEHAN.’ 
AND CECIL H. COGGINS? 


The effects of various doses of intravenous vasopressin on 
mesenteric arterial blood flow, intestinal oxygen consumption, 
and cardiac output in anesthetized dogs were investigated. 
Optimal dose rate of intravenous vasopressin was found to be 
3.0 mU/kg/min. At this dose rate, mesenteric arterial blood 
flow, intestinal oxygen consumption, and cardiac output de- 
creased by 57%, 57%, and 26%, respectively. Increasing the 
dose rate to 8.0 mU/kg/min did not offer significant gains. 
Maximum effect was observed 20 min after the beginning of 
the infusion. The effects disappeared 10-20 min after the 
infusion was discontinued, with the exception of superior 
mesenteric blood flow which showed a rebound increase. We 
conclude that in the anesthetized dog, intravenous infusions 
of vasopressin at low dose rates (3.0 mU/kg/min) substantially 
reduce mesenteric blood flow and intestinal oxygen extraction 
with moderate reduction of cardiac output. Possible clinical 
applications of low dose intravenous infusions of vasopressin 
would include reduction of portal hypertension and bowel 
protection during radiation therapy. 


Three pharmacologic effects of posterior pituitary ex- 
tract were of particular interest in this investigation: (1) 
the reduction of mesenteric arterial blood flow which 
decreases portal pressure and may arrest bleeding from 
gastroesophageal varices; (2) the reduction of intestinal 
oxygen consumption which renders the bowel relatively 
anoxic and therefore increases the tolerance to external 
radiation; and (3) the undesirable effect of reduced 
cardiac output. It has been shown that vasopressin 
infused directly into the superior mesenteric artery of 
anesthetized dogs reduces mesenteric blood flow and 
intestinal oxygen extraction [1]. This study attempts to 
answer the following questions: How do intravenous 
infusions of vasopressin at low dose rates compare with 
arterial infusions regarding effects on superior mesen- 
teric artery blood flow and intestinal oxygen consump- 
tion? Does intravenous vasopressin reduce cardiac out- 
put to a higher degree than arterial infusions? What is 
the optimal dose rate of intravenous vasopressin? and 
When is maximum effect of intravenous vasopressin 
obtained, and how soon is this effect abolished after the 
infusion is discontinued? 


Materials and Methods 


Experiments were performed on 27 fasted mongrel dogs of 
either sex weighing 15-20 kg. Sodium pentobarbital 30 mg/kg 
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was intravenously administered for anesthesia with supplemen- 
tal injections as needed to maintain adequate anesthesia during 
the experiments. Respiratory support was via a cuffed endotra- 
cheal tube and 10096 oxygen except in five animals that were 
ventilated with room air. 

A catheter was placed via a femoral artery and the tip 
positioned in the infrarenal aorta to obtain blood samples for 
arterial blood gas determination. A second catheter was placed 
via the contralateral femoral artery and connected to a Statham 
pressure transducer for arterial pressure measurement. A third 
catheter was placed via a femoral vein in the inferior vena cava 
for infusions of normal saline or posterior pituitary extract 
(vasopressin, Parke, Davis, Detroit, Mich.). A fourth catheter 
was placed in the contralateral femoral vein for blood sampling 
and determination of circulating vasopressin levels. 

Thoracotomy was performed, and a 13-15 mm noncannulat- 
ing electromagnetic blood flow probe was placed around the 
ascending aorta and connected to a Statham blood flow meter. 
Laparotomy was performed and a 3-4 mm similar probe was 
placed around the superior mesenteric artery and connected to 
the blood flow meter. A small jejunal vein was cannulated, and 
a no. 3 French catheter was introduced and the tip positioned 
in the superior mesenteric vein for sampling and determination 
of mesenteric venous blood gases. 

Following the surgical procedures and catheter placement, 
the dogs were allowed to stabilize before the three periods of 
the primary experiment. These periods, each 30 min long, 
included a period of baseline determinations, a second period 
of vasopressin or normal saline infusions, and the period of 
recovery. 

Electrocardiogram, blood pressure, mean aortic blood flow, 
and mean mesenteric arterial blood flow were continuously 
monitored and recorded on a multichannel recorder. Blood 
samples for determination of blood gases and levels of circulat- 
ing vasopressin were obtained every 10 min. Vasopressin and/ 
or normal saline were infused with a constant infusion pump 
(Sigmamotor). 

The dogs were divided into five groups. The three dogs in 
group 1 received normal saline and served as the control. 
Although in all groups each animal served as its own control, 
this group tested the stability of the animals during the course 
of the experiment. Groups 2-5 each consisted of six dogs that 
received intravenous vasopressin at rates of 1.0, 3.0. 8.0, and 
3.0 mU/kg/min, respectively. Groups 3 and 5 differed in that 
group 5 was ventilated with room air rather than 100% oxygen. 

Mean blood flow of the ascending aorta was considered 
equivalent to cardiac output. Bowel oxygen consumption was 
determined as the product of mesenteric arterial blood flow x 


the arterial-mesenteric vein oxygen difference [1]. Blood gases 
e 
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Fig. 1.—Group 1 (control). Response to intravenous infusion 
of normal saline at rate of 30 ml/hr. In this and subsequent 
figures, mean values show changes from baseline which is con- 
sidered as 100%. Bars show 1 SD from mean. 


were determined with a radiometer blood gas and digital acid- 
base analyzer. Levels of circulating arginine vasopressin were 
determined using a radioimmunoassay method [2]. At least two 
measurements were made at each observation point for blood 
gases and arginine vasopressin levels. The average of these 
measurements was considered the actual value. Results were 
expressed as the percentage change from the baseline value 
which was considered 10096, except for levels of circulating 
arginine vasopressin which were expressed as actual levels in 
picograms per milliliter of serum. 


Results 


In the control group, the three parameters (bowel 
oxygen consumption, mean mesenteric arterial blood 
flow, and mean aortic blood flow) remained stable 
throughout the experiment (fig. 1). Blood pressure and 
electrocardiogram also remained stable. For group 2, 
the three parameters decreased by 31%, 34%, and 17%, 
respectively (fig. 2). Maximum reduction after the onset 
of vasopressin infusion occurred at 30 min for oxygen 
consumption, at 20 min for superior mesenteric artery 
blood flow, and at 10 min for cardiac output. In group 3, 
the three parameters were reduced by 57%, 57%, and 
26% respectively (fig. 3). Maximum reduction was ob- 
served 20 min after the onset of vasopression infusion for 
oxygen consumption and superior mesenteric artery 
blood flow and 10 min for cardfac output. Group 4 
showed reductions of 67%, 66%, and 36%, respectively 
(fig. 4). Maximum reduction was observed at 30 min for 
oxygen consumption and mesenteric blood flow and at 
10 min for cardiac output. 

Group 5 was ventilated with room air. When compared 
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Fig. 2.—Group 2. Response to intravenous vasopressin at 1.0 
mU/kg/min. 


with group 3 (10096 oxygen). no significant differences 
were noted (fig. 5). 

In all groups there was a 5%-10% rise in blood pres- 
sure during the vasopressin infusion. No electrocardi- 
ographic abnormalities were observed. During the recov- 
ery period all parameters returned to or near the prein- 
fusion baseline levels, with the exception of mesenteric 
arterial blood flow where a rebound increase of 15%- 
3096 above baseline was noted. 

Figure 6 displays in detail the changes of mesenteric 
arterial blood flow and cardiac output during the first 10 
min of vasopressin infusion at dose rates of 1.0, 3.0, and 
8.0 mU/kg/min. The reduction was more rapid when the 
infusion rate was 8.0 mU/kg/min compared to 1 mU/kg/ 
min (3 min versus 10 min). 

The change of blood levels of circulating arginine 
vasopressin during the infusion and recovery periods is 
illustrated in figure 7. At dose rates of 0.5 and 1.0 mU/ 
kg/min, mean levels did not rise above 100 pg/ml. At 3.0 
mU/kg/min these levels rose to a mean of 115 pg/ml. 
and at 8.0 mU/kg/min there was marked rise to a mean 
of 700 pg/ml. When the infusion was terminated, blood 
levels dropped precipitously within the first 10 min and 
then returned to slightly above baseline within 20-30 
min. 

Figure 8 is a composite graph showing the changes of 
bowel oxygen consumption, mesenteric arterial blood 
flow, and cardiac output during infusions of vasopressin 
at 1.0, 3.0, and 8.0 mU/kg/min. The mean values and 
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Fig. 3. —Group 3. Response to intravenous vasopressin at 3.0 
mU/kg/min. 


standard deviations obtained at 10, 20, and 30 min after 
the onset of vasopressin infusion are listed in table 1. 

The data in table 1 were statistically analyzed with the 
logit transformation method, and the following conclu- 
sions were drawn: 

There is more variation between animals than over 
time. 

Variations by dose rate (0.0 dose is control) give sig- 
nificant differences between: (1) 0.0 and 1.0 mU/kg/min 
at all three times (10, 20, 30 min) for bowel oxygen con- 
sumption, mesenteric arterial blood flow, and cardiac 
output; and (2) 1.0 and 3.0 mU/kg/min at all three times 
(10, 20, 30 min) for bowel oxygen consumption and 
mesenteric arterial blood flow. 

There is no significant difference between: (1) 1.0 and 
3.0 mU/kg/min at all three times (10, 20, 30 min) for car- 
diac output; and (2) 3.0 and 8.0 at all three times for 
bowel oxygen consumption, mesenteric arterial blood 
flow, and cardiac output. 


Discussion 


Mesenteric Arterial Blood Flow 


Intravenous infusions of vasopressin at dose rates of 
1.0, 3.0, and 8.0 mU/kg/min reduced mesenteric arterial 
blood flow by 34%, 57%, and 66%, respectively. Paulik 
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Fig. 4. — Group 4. Response to intravenous vasopressin at 8.0 
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Fig. 5.—Changes of bowel oxygen consumption in 
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Fig. 6.—Response of mesenteric arterial blood flow and aortic blood 
flow during first 10 min of intravenous infusions of vasopressin. 


et al. [1] reported a 60% reduction of superior mesenteric 
blood flow with infusions in that artery at the rate of 4.0 
mU/kg/min. Previous experiments of ours have also 
shown a 60% reduction when vasopressin was infused in 
the superior mesenteric artery of anesthetized dogs at 
the rate of 3 mU/kg/min [3]. Barr et al. [4] reported a 
60% and 49% reduction of mesenteric arterial blood flow 
in anesthetized dogs with arterial (superior mesenteric) 
and intravenous vasopressin infusions, respectively. 
Davis and colleagues [5] reported 45% and 58% reduc- 
tions of blood flow to the distal small bowel with vaso- 
pressin infusions in the left gastric artery and a periph- 
eral vein, respectively. Their study was performed in 
dogs with radioactive microsphere determination of 
blood flow. Thus according to published reports and our 
own studies, intravenous and intraarterial infusions of 
vasopressin do not appreciably differ in terms of mesen- 
teric arterial blood flow reduction (table 2). 


Bowel Oxygen Consumption 


Paulik et al. [1] found that mesenteric arterial infusions 
of vasopressin at 0.7 and 4.0 mU/kg/min reduced intes- 
tinal oxygen consumption in dogs by 22% and 54%, 
respectively. Our study showed oxygen consumption 
reduction of 31%, 57%, and 67% when vasopressin was 
intravenously infused at dose rates of 1.0, 3.0, and 8.0 
mU/kg/min, respectively. Therefore, the similarities be- 
tween intraarterial and intravenous infusions of vaso- 
pressin also apply to intestinal oxygen extraction in the 
anesthetized dog (table 3). 


Cardiac Output 


In the anesthetized dog, intravenous vasopressin at 
1.0, 3.0, and 8.0 mU/kg/min resulted in cardiac output 
reduction by 17%, 26%, and 36%, respectively. This is 
comparable to reductions observed during intraarterial 
infusions. We previously reported a 30% reduction of 
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Fig. 7.— Changes in blood levels of circulating arginine vaso- 
pressin (AVp) in response to intravenous infusions at various 
dose rates. Note change in scale for dose rate of 8.0 mU/kg/min. 
Data include dogs from another series that received vasopressin 
at 0.5 mU/kg/min. 
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mesenteric arterial flow, and bowel oxygen consumption in response to 
intravenous infusions of vasopressin at 1.0, 3.0, and 8.0 mU/kg/min. 
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TABLE 1 


Percentage Change after Start of Vasopressin Infusion 














Time after Start of Infusion 





. Vasopressin (mU/kg/min) 


























0.0 (Control) 1.0 3.0 8.0 
10 min: 
Bowel oxygen consumed ................... +3.40 + 2.46 «231004 = 93.13 —47.96 + 8.83 —59.46 + 11.13 
Superior mesenteric artery blood flow ....... -2.80 + 2.43 —05,.82 + 2,50 —48.80 - 8.76 — 63.74 + 10.93 
Aérlic Blood TOW ..isieeseeaaaxsaarr hm kan +0.43 + 4.06 —17.36 + 4.19 —22.46 + 13.60 —96.78 + 12.79 
20 min: 
Bowel oxygen consumed ....... TT TTC PEE —0.73 + 4.41 —27./6 = 7.94 797.80 + 6.37 —67.04 + 10.29 
Superior mesenteric artery blood flow....... FISI £2.37 —34.12 + 3.46 =57 78: 7.48 —65.48 + 13.12 
MOMEDIOOG TION ois cis cascciaversancwsans +0.53 + 2.14 —16.16 + 8.66 — 26.08 + 14.21 —33.06 + 12.71 
30 min: 
Bowel oxygen consumed ................... =7.13 + 15.81 =91.62 = 10.77 — 54.92 + 9.91 —67.84 + 10.17 
Superior mesenteric artery blood flow ....... +2.80 + 3.04 —93.52 + 6.96 =). ETA.: —66.88 + 15.69 
PE DIDOD TIOW veces ciasedeecetintaneacee +0.43 + 6.53 —17.26 = 11.74 —25.82 + 10.80 -30.64 - 13.93 
TABLE 2 


Effect of Intravenous and Intraarterial Vasopressin on Blood Flow and Cardiac Output 








Mesenteric Arterial Blood Flow 








Cardiac Output 
ib md Roduistion (6) 
Vasopressin (%) 
Reference Dose Rate Superior Superior 
Im kg/min) Mesenteric Intravenous Mesenteric Intravenous 
Artery Infusion Artery Infusion 
Infusion Infusion 
Paullketal. [I] 2 4.0 60 - bas vore 
Simmons et al. [3] ....... 3.0 60 40 30 25 
Barr et al. MI ow... skeen 2.40 60 49 25 26 
Davis et 81. [5] ......ssss 3.0 45* 58 35" 32 
Fisher etal.[6] .......... 10.0 47 
20.0 Tr 63 
Present report ........... 1.0 34 17 
3.0 57 26 
8.0 66 36 





* Infusion into left gastric artery. 


TABLE 3 


Effect of Mesenteric Arterial and Peripheral Intravenous 
Vasopressin on Intestinal O; Extraction 


Reduction of Intestinal 
O; Consumption (96) 


Vasopressin 
Reference Dose Rate Superior ; 
(mU/kg/min) Mesenteric hal pulsa 
Artery ntravenous 
Infusion infusion 
Paulik et al. [1] ...... 0.7 22 
4.0 54 
Present study ....... 1.0 31 
3.0 Sf 
8.0 67 


cardiac output when vasopressin (3.0 mU/kg/min) was 
infused in the superior mesenteric artery in dogs [3]. 
With intraarterial (superior mesenteric) doses of 0.2 and 
0.4 U/min, Fisher et al. [6] demonstrated a 25% and 35% 
decrease in coronary blood flow in dogs, respectively, 
while cardiac output dropped by 47% and 63%. These 
rather substantial reductions were due to the high doses 
of vasopressin. According to Barr et al. [4], a 26% 
reduction of cardiac output in dogs followed infusions at 
the rate of 2.75 mU/kg/min. The reduction was compa- 
rable with both intraarterial (superior mesenteric) and 


intravenous infusions of vasopressin. Davis et al. [5] 
reported similar results. 

Based on these reports and our own findings, we 
conclude that intravenous vasopressin at low dose rates 
(3.0 mU/kg/min) reduces cardiac output by 26%. This 
reduction is not greater than during superior mesenteric 
artery infusions (table 2). 


Levels of Circulating Vasopressin 


A possible explanation of the similarities between 
intraarterial and intravenous vasopressin infusions may 
be the comparable levels of circulating vasopressin. We 
previously reported that in patients undergoing mesen- 
teric arterial vasopressin infusions, systemic hormone 
levels rise and the steady states range from five to several 
hundred-fold above normal physiologic levels of argi- 
nine vasopressin [7]. Levels of circulating arginine vaso- 
pressin in anesthetized dogs were 100, 110, and 200 pg/ 
ml of serum for infusions into the hepatic artery, superior 
mesenteric artery, and a peripheral vein, respectively, 
[3]. The present study confirms that with intravenous 
infusions of vasopressin at 3.0 mU/kg/min, levels of 
circulating arginine vasopressin rise to approximately 
120 pg/ml, while with infusion rates of 8.0 mU/kg/min 
the levels climb precipitously to approximately 700 pg/ 
ml of serum (fig. 7). 
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Optimal Infusion Dose Rate 


Comparison between 1.0 and 3.0 mU/kg/min of intra- 
venous vasopressin showed a statistically significant 
difference in superior mesenteric blood flow and intes- 
tinal oxygen consumption reduction. Cardiac output 
reduction was not significantly different. Increasing the 
rate from 3.0 to 8.0 mU/kg/min did not offer significant 
further reduction of blood flow or bowel oxygen con- 
sumption. We conclude that the intravenous infusion 
dose rate of 3.0 mU/kg/min offers the best combination 
of desirable effects (reduction of superior mesenteric 
blood flow, bowel oxygen extraction) with the least 
reduction of cardiac output. This dose rate is roughly the 
equivalent of 0.2 U/min in the average adult male. 
Reduction of bowel oxygen extraction is considered a 
desirable effect because of its potential value for radio- 
protection of the gastrointestinal tract. 


Time of Maximum Effect 


When vasopressin was administered intravenously at 
the optimal dose rate of 3.0 mU/kg/min, maximum 
reduction of superior mesenteric blood flow and bowel 
oxygen consumption was observed 20 min after start of 
the infusion. Therefore, any study of the effects of 
intravenous vasopressin on the cardiovascular system 
needs to begin at least 20 min after the onset of the 
infusion. For infusion rates of 8.0 and 1.0 mU/kg/min, 
maximum effects were noted at 20 and 30 min, respec- 
tively. These times correlate with the rise of systemic 
levels of vasopressin at various dose rates as depicted in 
figure 7. 

Within 20-30 min of the termination of the infusion, all 
parameters returned to baseline with the exception of 
superior mesenteric blood flow which showed a rebound 
or increase beyond the baseline. This increase was more 
pronounced with infusion rates at 8.0 mU/kg/min and 
not significant when the rate was 1.0 mU/kg/min. 


Control of Gastrointestinal Bleeding 


If intravenous vasopressin reduces mesenteric blood 
flow and therefore portal pressure to a degree compara- 
ble to intraarterial infusions. and if the effect of intrave- 
nous vasopressin on cardiac output is no more severe 
than that of arterial vasopressin, it should be possible to 
apply this mode of infusion clinically for reduction of 
portal hypertension and the control of variceal bleeding. 

In a pilot study of 15 patients. peripheral venous 
vasopressin was used at dose rates of 0.2-0.3 U/min to 
control bleeding gastroesophageal varices [8. 9]. Results 
were comparable to those obtained with mesenteric 
arterial infusions. We have since treated 45 patients with 
an endoscopic or angiographic diagnosis of variceal 
bleeding. Bleeding was acutely controlled in 90% of 
patients in Child's group A, 65% of group B. and 55% of 
group C. These results, too, are comparable to those 
obtained with mesenteric arterial infusions [8, 9]. 

Johnson et al. [10] drew similar conclusions on the 
basis of a controlled randomized study. Twenty-five 
patients with bleeding esophagogastric varices mostly of 


Child’s group C were randomly treated with either pe- 
ripheral venous or mesenteric arterial infusions of vaso- 
pressin. Bleeding was controlled in 56% and there was 
no significant difference between the intravenous or 
intraarterial infusions. 

There are no data which show that intravenous vaso- 
pressin is similarly effective for the control of gastroin- 
testinal bleeding from arterial sources. On the contrary, 
sporadic reports and our own clinical experience sug- 
gest that the opposite is true: that is, intravenous vaso- 
pressin does not control arterial bleeding [8. 9, 11]. In 
considering the mesenteric vascular bed, it is possible 
that the additional 10-1596 reduction of blood flow that 
intraarterial vasopressin offers over intravenous admin- 
istration is important in controlling arterial bleeding. 

It should also be emphasized that when hemostasis is 
obtained with intravenous as with intraarterial vasopres- 
sin, abrupt termination of infusion may be followed by 
rebound increase of superior mesenteric blood flow. For 
this reason, tapered termination is recommended. 


Bowel Protection During Radiation 


Bowel sensitivity is a limiting factor to the delivery of 
therapeutic doses of radiation in patients with abdominal 
and/or pelvic malignancies. Vasopressin infused in the 
superior mesenteric artery diminishes blood flow and 
reduces intestinal oxygen extraction [1]. A dose which 
did not lower blood flow in fact still caused a decline in 
oxygen consumption [1]. 

Steckel et al. [11] and Casarella et al. [12] postulated 
that since intraarterial vasopressin renders the bowel 
ischemic, it could also have protective properties during 
radiation. They found that mesenteric arterial infusions 
of vasopressin protected normal dogs exposed to acute 
lethal doses of abdominal radiation. 

It is obvious that intraarterial infusions would not be 
practical in the clinical situation during fractionated 
radiation therapy. Therefore, subsequent investigation 
centered on the application of intravenous vasopressin. 
We repeated Steckel's acute radiation dog experiments 
using intravenous infusions of vasopressin and found 
that such infusions protected dogs receiving acute lethal 
radiation (1,800 rad) to the abdomen [13]. Similar obser- 
vations were recorded by Juillard et al. [14] with fraction- 
ated radiation in dogs and by Rappleye et al. [15] in 
mice. 

Our present study shows that intravenous vasopressin 
reduces mesenteric arterial blood flow and intestinal 
oxygen extraction in dogs. The mechanism for the latter 
is not known. It could be the result of the vascular effects 
of vasopressin. direct metabolic effects. or a combina- 
tion of both [1, 16]. Nevertheless. our study suggests 
that there is a basis for the radioprotective properties of 
intravenous vasopressin. An unresolved question is the 
effect of vasopressin on blood flow to tumors. 

From the present investigation we conclude that in the 
anesthetized dog: 

1. The effects of intravenous vasopressin on mesen- 
teric arterial blood flow and bowel oxygen consumption 
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are comparable to those of mesenteric arterial infusions. 
2. At comparable dose rates, intravenous vasopressin 
does not reduce cardiac output more than intraarterial 
vasopressin. 
3. The optimal dose rate for intravenous infusion of 
vasopressin is 3.0 mU/kg/min (equivalent to 0.2 U/min 
in the average adult man). 
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Double-blind Study of Single and Double Contrast Upper Gastrointestinal 
Examinations Using Endoscopy as a Control 


JEAN-PHILIPPE MONTAGNE,':? ALBERT A. MOSS,' AND ALEXANDER R. MARGULIS’ 


A total of 100 patients were examined by both single and 
double contrast upper gastrointestinal radiography. The radi- 
ographs were coded, interpreted blindly by two gastrointes- 
tinal radiologists, and the accuracy of each examination was 
determined using endoscopy as the standard. The interpreta- 
tion error rate for each type of examination alone was almost 
identical. Interpretations based on a combination of both 
studies significantly reduced both the false positive and neg- 
ative errors and strongly suggests a complementary role for 
the two methods. 


Double contrast examination of the upper gastrointes- 
tinal tract using thick barium for mucosal coating and 
either air introduced through a tube or carbon dioxide 
released from effervescent tablets to distend the stom- 
ach has gained increased popularity throughout the 
world. The technique was devised and perfected in 
Japan and has been credited with a great improvement 
in patient survival from small carcinomas of the stomach 
[1, 2]. Numerous publications have stressed the advan- 
tages of this method [3-5] which enables study of details 
of mucosal surfaces and detection of lesions thought to 
be undetectable by the conventional single contrast 
method. 

Several authors have reported on the accuracy of 
either the single or double contrast method [3-8] of 
upper gastrointestinal examinations. However, none of 
the evaluations were performed in a double-blind man- 
ner using patients as their own controls. We have per- 
formed such a study, comparing single and double 
contrast examination results with endoscopic, biopsy, 
and/or surgical findings. 


Materials and Methods 


One hundred patients (50 females and 50 males) aged 20-84 
years (mean age, 48) were selected randomly from patients 
referred for upper gastrointestinal examinations from June 1976 
to April 1977. All were examined by fiberoptic endoscopy within 
3 weeks before or after the radiologic examination (within 1 
week in 67%, and within 2 weeks in 90% of cases). All radiologic 
examinations were performed by residents or staff members 
other than ourselves. Abnormalities were identified at endos- 
copy in 57 patients; 43 patients had normal endoscopic exami- 
nations. Age and sex distribution was the same in both groups. 

All patients were first examined using the double contrast 
method of upper gastrointestinal examination described by 
Laufer et al. [9]. One capful of Sparkles (La Fayette Pharmacal, 
Lafayette, Ind.) was swallowed with 15 ml of water to which 5 
drops of Mylicon (Stuart Pharmaceutical, Wilmington, Del.) had 
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been added. The patient then drank 88.7 ml (3 oz) of E-Z HD 
barium sulfate (E-Z EM Co., Westbury, N.Y.) made to a 25096 
weight/volume ratio. Maneuvers to coat the stomach were 
performed, and spot films of the stomach and duodenum were 
obtained. Following the double contrast examination, the same 
patients were given 236.6 ml (8 oz) of a 15% weight/volume 
solution of Redi-flow barium sulfate (Flow Pharmaceuticals, 
Palo Alto, Calif.). Compression spot films of the duodenal bulb 
were obtained and followed by high kilovoltage (120 kVp) films 
of the stomach in the prone, supine, right anterior oblique, and 
right lateral projections. 

One of us (J. P. Montagne) assembled the double and single 
contrast examinations separately and presented them to two 
experienced gastrointestinal radiologists. The information avail- 
able to the radiologists was restricted to that available to the 
examiner at the time of the original radiologic study. When 
endoscopic findings were known before the upper gastrointes- 
tinal examination, they were withheld from the examiners. The 
single and double contrast examinations of each patient were 
never viewed on the same day by the same examiner. The two 
examiners read the films independently without exchange of 
information until the study was completed. The interpretations 
were then tabulated and correlated with the endoscopic find- 
ings. A correct response was defined as identification and 
accurate interpretation of the lesion as seen by the endoscopist. 


Results 


The overall error rates for the single and double 
contrast examinations for both examiners were essen- 
tially the same (table 1). Most of the errors by both 
examiners involved the same patient. When the single 
and double contrast readings on any one patient were 
combined, the overall error rate for both examiners 
decreased by 45%. 

The most frequent errors were in the radiologic diag- 
nosis of gastritis, primarily involving lack of detection of 
atrophic or erosive gastritis (figs. 1 and 2). If gastritis is 
removed from the assessment of accuracy, the overall 
error rate becomes 17% for single contrast and 17.5% 
for double contrast examinations. 

The percentage of false positive and false negative 
diagnoses is shown in table 2. The false negative and 
false positive error rate was significantly reduced (P < 
.05) when interpretation was based on a combination of 
single and double contrast examinations. 


Discussion 


The overall radiologic error rate in this series of 100 
patients examined by both single and double contrast 
a 
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TABLE 1 
Radiologic Errors Related to Endoscopic Diagnosis 








Radiologist B 

















Radiologist A 
pissed No. Single Double Single Double 
MS Con- Con- Both Con- Con- Both 
E trast trast trast o trast 
Normal ........ 43 4 4 1 5 4 1 
Gastric ulcer .. 11 2 3 1 4 5 4 
Duodenal ulcer 17 3 3 2 3 4 2 
TUO sexes 11 4 4 3 3 2 2 
Gastritis ....... 18 6 4 l 3 7 i 6 3 
Total re 100 19 18 10 22 21 a2 
TABLE 2 


False Positive and False Negative Diagnoses 














False False 
Positive Negative 
(96) (%) 
Radiologist A: 
Single contrast .... 9 26 
Double contrast ... 9 24 
BOON RR. 2 16 
Radiologist B: 
Single contrast .. 11 30 
Double contrast ... 9 30 
IP a ere 2 19 





technique was virtually identical regardless of the radio- 
logic method employed. When both the single and dou- 
ble contrast methods were combined, the average over- 
all error rate declined by almost 50%. Thus our data 
strongly suggests that the examinations are complemen- 
tary. 

The error rate of 20.5% for the standard examination 
is at the lower end of previously reported series in which 
2096-4096 of abnormalities in the duodenum and stom- 
ach were not identified [3, 6, 7, 10, 11]. This was 
somewhat surprising since the single contrast examina- 
tion was not performed as the only radiologic examina- 
tion of the stomach and duodenum and depended to a 
large extent on the overhead films taken with high 
kilovoltage technique. An error rate of 18% and 21% was 
found for the double contrast examination of the stom- 
ach and duodenum, which is somewhat higher than the 
overall error rate in two recently reported series [3, 8]. 
Yet in analyzing the errors made in two series reported 
by Laufer and colleagues [3, 12], 13 of 54 (24%) and four 
of 22 (1696) cases with abnormalites seen at endoscopy 
had either false positive or false negative diagnosis by 
the double contrast examination. Thus our error rate for 
double contrast radiography is similar to the best results 
previously reported. 

Discrepancies between this report and others may 
relate to the fact that prior studies were not performed in 
a double-blind manner using patients as their own con- 
trols. In addition, examinations in this series were per- 
formed by residents or radiologists other than ourselves, 
and more than 50% of the cases analyzed had endo- 
scopic abnormalities. Another factor possibly affecting 
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Fig. 1.— Double contrast study showing multiple gastric ero- 
sions as small barium-filled depressions. 


Fig. 2.—Conventional upper gastrointestinal examination showing 
antral gastritis with antral spasm simulating gastric carcinoma. 


our error rate was that endoscopy was never performed 
by the same person performing the upper gastrointes- 
tinal series. Thus we feel that this double-blind analysis 
most closely approximates the error rate that a practicing 
radiologist would encounter in a clinical situation. Our 
results are in close agreement with those of Hedemand 
et al. [13]. 

In our study, the majority of diagnostic errors by either 
method occurred with gastritis. The single contrast ex- 
amination was most accurate in the diagnosis of hyper- 
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Fig. 4.—A, Pressure spot film during conventional upper gastrointestinal series revealing antral ulcer (arrow). B, Double 


contrast film fails to clearly demonstrate ulcer. Ulcer is su 


difficult. 


trophic gastritis, while the double contrast examination 
proved better in erosive gastritis. While the double con- 
trast method best demonstrated superficial erosions and 
mucosal abnormalities (fig. 1), the single contrast exam- 


perimposed on greatly distended duodenal bulb making detection 


ination often revealed motor abnormalities which simu- 
lated gastric carcinoma on a single film but were not 
constant on all films (fig. 2). Neither method consistently 
diagnosed cases of atrophic gastritis. 





——— Á— s 


1044 MONTAGNE 


ET AL. 





Fig. 5. —A, Conventional gastrointestinal series revealing deformed duodenal bulb without clear delineation of pylorus. 
Radiologic interpretation was chronic scarring from duodenal ulceration. B, Double contrast study showing smooth polypoid 
mass in duodenal bulb (arrows) thought to be a benign lesion. Mass proved to be metastatic lung carcinoma. 





Fig. 6.—Nonulcerated metastasis to stomach (arrow) falsely 
reported as normal on both single and double contrast studies. 
9 


Both the single and double contrast examinations 
identified gastric, duodenal, and malignant ulcerations 
with equal frequency (fig. 3). In any particular case, 


however, one method was often superior to the other 
(fig. 4), the double contrast presenting a better surface 
image and the single giving information about edema 
and spasm. The single contrast study more predictably 
filled the ulcers with barium, particularly when excess 
gastric secretion was present. Malignant lesions without 
ulceration were frequently missed or misinterpreted by 
both methods (figs. 5 and 6). Even when the films were 
viewed retrospectively knowing the location of the le- 
sions, it was impossible to detect two examples of 
submucosal metastatic disease to the stomach. 

Recent proponents of the double contrast examination 
attribute to it a diagnostic accuracy of 9496-9796 [3, 4, 
8], and some advocate double contrast upper gastroin- 
testinal radiography as the sole method of examination 
of the upper gastrointestinal tract [3]. Our results do not 
support this view. In every category of pathology and in 
the normal cases, the combination of single and double 
contrast examination improved the accuracy of upper 
gastrointestinal radiology. False positive errors were 
reduced fourfold to 2%, and false negative interpreta- 
tions were reduced by more than one-third. Thus we 
caution against abandoning the well performed single 
contrast study since it is capable of providing informa- 
tion not easily extracted from the double contrast exam- 
ination. We feel the examinations are complementary 
and recommend a combined examination. This may be 
performed with only a minimum of extra time and effort 
and without additional radiation exposure compared to 
the conventional study alone. 


SINGLE VERSUS DOUBLE CONTRAST UPPER GI STUDIES 
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Double Channel Pylorus 


JAVAD JAMSHIDNEJAD,' ROBERT E. KOEHLER,' AND DILIP NARAYAN? 


Radiographic and clinical features in five patients with the 
double channel pylorus deformity are reviewed and compared 
with previously reported cases. The double channel pylorus is 
a form of gastroduodenal fistula with a characteristic radio- 
graphic appearance. An accessory channel connects the 
lesser curvature of the prepyloric antrum with the duodenal 
bulb. A peptic ulcer lies in or immediately adjacent to the 
accessory channel in almost all cases. The double channel 
pylorus appears to be an acquired form of peptic deformity in 
the great majority of cases and is probably more common 
than the number of reported cases would imply. 


Of the various sequelae of peptic ulcer disease, defor- 
mity of the pyloric region is probably the most common. 
However, one unusual form of pylorus deformity, the 
double channel pylorus, is not well understood and 
sometimes presents a confusing radiographic appear- 
ance. The double channel pylorus is a form of gastroduo- 
denal fistula in which an accessory channel connects the 
distal antrum of the stomach to the base of the duodenal 
bulb. Although Mohr (cited in [1]) described this defor- 
mity as a complication of peptic ulcer disease as early as 
1842, Notkin [1 ] in 1939 stated that "modern textbooks 
are silent on the subject of gastroduodenal fistula’; his 
statement is still valid today. 

We relate our experience with five patients proven to 
have the double channel pylorus deformity. The clinical, 
radiographic, and endoscopic findings in these patients 
are compared with findings in other reported cases in 
order to define the radiographic and endoscopic appear- 
ance, pathogenesis, and clinical significance of this 
abnormality. 

Case Material 


Between 1969 and 1976, upper gastrointestinal radio- 
graphs were performed at the Mallinckrodt Institute of 
Radiology on five patients subsequently proven surgi- 
cally or endoscopically to have a double channel pylorus 
deformity. In each of these cases the medical records, 
radiographs, endoscopic findings, and surgical reports 
were reviewed. Patients ranged in age from 64 to 76 
years, and three of the five were males. The double 
channel pyloric deformity was confirmed endoscopically 
in four patients and at surgery in one. All patients had 
epigastric pain and symptoms consistent with peptic 
ulcer disease. None exhibited evidence of gastric outlet 
obstruction. 

Three patients subsequently underwent gastrectomy 
for relief of long-standing symptoms of peptic ulcer 
disease. One patient's symptoms resolved on medical 
treatment and one patient was lost to follow-up. 
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Findings 


Radiographic findings were similar in all patients and 
consisted of a unique pattern of deformity in the pyloric 
region with barium outlining two channels connecting 
the antrum with the base of the duodenal bulb (figs. 1- 
3). In each case a fistulous channel passed through the 
lesser curvature aspect of the pylorus and entered the 
superior fornix of the duodenal bulb. The two channels 
were separated by a bridge or septum which may appear 
as a round lucency when viewed on end (fig. 1C). In each 
case an ulcer crater was seen along the superior aspect 
of the prepyloric antrum (fig. 2) or duodenal bulb (fig. 3). 
The inferior aspect of the duodenal bulb was normal or 
exhibited only minimal deformity. 

In each of the four cases studied endoscopically, the 
antrum appeared to have two connections with the 
duodenal bulb, and an ulcer was associated with the 
fistulous communication. In three of the cases the ulcer 
was described as lying on the gastric side and in one 
case (fig. 3) on the duodenal side of the gastroduodenal 
fistula. 

In two patients prior upper gastrointestinal radio- 
graphs had shown deformity of the pyloric region but no 
evidence of a double pyloric channel. In the other three 
cases the double channel deformity and the ulcer were 
both present at initial examination. 


Discussion 


Review of the literature disclosed 44 cases of double 
channel pylorus [1-22]. The male predominance noted is 
similar to that reported for peptic ulcer disease in general 
[23]. Patients with double channel pylorus, however, 
averaged 10 to 20 years older than those with duodenal 
or gastric ulcer without the double channel. 

Most published cases have appeared in the last few 
years, perhaps reflecting increased recognition of this 
entity rather than increasing incidence. In the 6 months 
since we became interested in this subject, we encoun- 
tered four additional patients with a history of prior 
peptic disease and with radiographic findings typical of 
double channel pylorus deformity. 

The radiographic and endoscopic findings of double 
channel pylorus are rather characteristic. An ulcer crater 
is usually seen in or adjacent to the fistulous pyloric 
channel which is almost invariably located on the lesser 
curvature side. In only two published cases [2, 3] were 
the ulcer and associated fistulous pyloric channel lo- 
cated on the greate? curvature side of the stomach. The 
distinction between double channel pylcrus and marked 
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Fig. 1.—76-year-old man with long history of peptic ulcer 
disease. A, Lesser curvature prepyloric ulcer (arrows) with 
thickening and deformity of pyloric mucosal folds. B, Film 3 
years later showing two parapyloric ulcers (white arrows) with 
septum (arrow) separating two pyloric channels. C, Follow-up 
study 8 months later showing persistence of double channel 
pylorus. Septum between channels is viewed on end and 
appears as round lucency (arrow). Ulcers have healed. 


pyloric deformity without a double channel may be 
difficult for both the endoscopist and radiologist [2]. 
Prone, barium-filled views of the pylorus with compres- 
sion applied will usually allow the distinction to be made 
radiographically. The endoscopist may find it necessary 
to distend the antrum sufficiently to separate the thick- 
ened distorted antral folds from the pyloric septum [7]. 

The frequent association of double channel pylorus 
with peptic ulcer disease suggests that it is an acquired 
lesion in the vast majority of the cases. In 15 reported 
cases [2, 4-10] and two of our patients, the double 
channel pylorus was shown not to have been present on 
prior upper gastrointestinal radiographs or endoscopy. 





The acquired nature of double channel pylorus was 
particularly well demonstrated by Rohde et al. [11] who 
followed a patient with a prepyloric ulcer with periodic 
endoscopic examinations for a period of 11 months prior 
to development of a double channel pylorus. 

Of the three reported cases in which no ulcer was 
found and which were said to be congenital in origin, 
two [12, 13] showed an appearance remarkably similar 
to that of the many cases proven to have been acquired. 
It seems likely that the double channel pylorus deformity 
was due to a previous ulcer in these two patients. The 
third case described as congenital [14] showed an ap- 
pearance strikingly different from that of the acquired 
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Fig. 2.—64-year-old woman with abdominal pain for 5 months. A, Large shallow ulcer (arrows) on lesser curvature of prepyloric area. Pylorus is 
deformed suggesting double channel configuration. Endoscopy 1 month later showed two channels connecting antrum and duodenal bulb. B, Repeat 
radiograph 2 months later showing decrease in size of ulcer (arrows). Note two pyloric channels and intervening septum. 





Fig. 3.—64-year-old woman with melena and hematemesis. Ulcer 
(white arrow) in superior aspect of doudenal bulb lies adjacent to second 
pyloric channel. Septum (arrow) separates channel from true pyloric 
channel. 


cases. In that patient the accessory channel was longer, 
lay on the greater curvature aspect, and had normal 
mucosal folds passing through it. 

The mechanism by which the fistulous channel devel- 
ops appears to be similar to that responsible for other 
forms of gastroduodenal fistula [24]. An ulcer located in 
the gastric antrum or pyloric channel erodes into the 
base of the duodenal bulb. Although duodenal ulcers 
comprise 80% of peptic ulcer disease [23]. in all but 
three cases the ulcer associated with a double channel 
deformity was gastric in location. 


12. 


13. 


14. 
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Cholecystokinetic Cholecystography: Efficacy and Tolerance Studies of 
Ceruletide 


E. NICHOLAS SARGENT,’ WILLIAM BOSWELL,’ AND JEROME HUBSHER? 


The effect of intravenous and intramuscular administration 
of ceruletide on gallbladder contraction was investigated in 67 
normal volunteers and patients. Of the 45 normal volunteers, 
33 received the drug intravenously and 12 intramuscularly in 
graded ascending doses. By either means of injection, cerule- 
tide produced a substantial contraction of the gallbladder, 
with a measurable reduction in gallbladder area. Based on 
findings in these groups, the 22 patients requiring oral chole- 
cystography for clinical evaluation received 0.3 „g/kg intra- 
muscularly. The intramuscular administration of synthetic cer- 
uletide after oral cholecystography, in a dose of 0.3 ug/kg, 
afforded a safe and effective means of gallbladder contrac- 
tion, with resultant cystic and common bile duct visualization. 
Side effects occurred less frequently when the drug was 
administered intramuscularly and were minimal and self-lim- 
iting. Peak contraction (40% or greater reduction in size) 
occurred as early as 5-15 min after intramuscular injection 
and in most instances within 30 min. 


Introduction 


Gallbladder contraction is normally initiated following 
food ingestion as a result of neural and hormonal stimu- 
lation of the biliary system. Cholecystokinin is released 
from the duodenal mucosa responding to the presence 
of fat and lipolytic products, and to a lesser degree to 
amino acids and small peptides, in the small intestine. 
As a result there is contraction of the gallbladder and 
simultaneous relaxation of the sphincter of Oddi. 

The use of a fatty meal to contract the gallbladder 
following oral cholecystography has been recommended 
for the following reasons. Visualization of the cystic and 
common ducts is often enhanced. Troublesome gas and 
fecal material shadows may be differentiated from 
stones. Visualization of small gallstones, especially 
those that lie in the neck of the gallbladder, is improved. 
The detection of cholesterolosis and adenomyomatosis 
of the gallbladder is best achieved following gallbladder 
contraction. Studies of gallbladder contractility follow- 
ing oral cholecystography may provide additional as- 
sessment of gallbladder function, particularly in cases of 
biliary dyskinesia and acalculus cholecystitis. 

The need for a more reliable and controlled modality 
other than a fatty meal to contract the gallbladder has in 
the past resulted in the use of a cholecystokinetic agent 
Such as intravenous cholecystokinin or the octapeptide 
of cholecystokinin [1]. However, the availability of cho- 
lecystokinin for human clinical use is limited and is 
available in the United States only for investigational 
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purposes. Furthermore, GIH cholecystokinin (Karolin- 
ska, Sweden) is only about 20% pure. This has lead to 
the synthesis and investigation of other compounds 
which could reliably duplicate the effect of cholecysto- 
kinin on the biliary tract. Ceruletide (formerly known as 
Caerulein) is one such material. 

This paper describes studies confirming the effect of 
intravenous and intramuscular administration of cerule- 
tide on gallbladder contraction, both in normal volun- 
teers and in patients requiring oral cholecystography as 
part of their clinical evaluation. In addition, since a more 
highly purified synthetic ceruletide was recently made 
available in the United States, a dose-ranging study was 
conducted to determine the dose response. 


Pharmacology 


Ceruletide (Tran-tyme®, Adria Labs., Columbus, 
Ohio) is a decapeptide originally isolated from ethanol 
extracts of the skin of the Australian frog Hyla caerulea. 
The synthetic compound has a molecular weight of 1572 
with the same structure as that of the natural product. 
Ceruletide is the compound's International Nonproprie- 
tary name; however, until early 1973 it bore the name of 
Caerulein and was so identified in a number of publica- 
tions outside the United States. The structure is similar 
to that of cholecystokinin and Gastrin Il relative to the C- 
terminal amino acids. As in the case of cholecystokinin 
(pancreozymin), the active chemical group in ceruletide 
lies in the C-terminal heptapeptide, which may account 
for the similar range of physiologic activity. 

Ceruletide for injection is a solution of diethylamine 
salt in water together with an antioxidant (sodium thiom- 
alate and NaOH used to adjust the pH to 7.5. It is 
supplied in 2 ml ampules containing 40 wg of the active 
salt in solutions. The sequence of amino acids in the 
chemical structure is 


SO. H 


| 
Pyr-GIn-Asp-Tyr-Thr-Gly-Trp-Met-Asp-Phe-NH, . 


Ceruletide causes contraction of the gallbladder with 
simultaneous relaxation of the sphincter of Oddi. Animal 
studies have shown that the effect is not only nerve 
mediated but actually a direct action on the muscle. 
Ceruletide qualitatively duplicates the effect of cholecys- 
tokinin, but on a weight to weight basis it is considerably 
more potent than cholecystokinin in causing gallbladder 
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Fig. 1.—Serial films before (A) and after (B-D) intravenous administration of ceruletide (0.160 ug/kg). A, Area of neck of gallbladder well outlined 


(arrow). B, After 1 min, marked contraction in region of infundibulum and neck of gallb 


ladder (arrow) with only slight contraction of body of gallbladder 


(4% reduction in total area). Cystic and common ducts are well outlined. Patient experienced abdominal cramps and vomiting. C, After 3 min, continued 


selective contraction in region of infundibulum and neck of gallbladder (arrow). No further reduction in size of body of gallbladd 
relaxation in region of infundibulum and neck of gallbladder (arrow). Reduct 


contraction in animals [2]. Ceruletide also has a true 
choleretic action in animals, with stimulation of the 
production of bile with unchanged dry residue and 
increased cholesterol, resulting from a direct stimulation 
of the liver cells [3]. 


Subjects and Methods 


A total of 67 volunteers and patients were studied in three 
groups. All patients with acute pancreatitis, severe debilitation 
or critical illness, suspected or proven acute intestinal obstruc- 
tion, allergy to previous injections of gastrointestinal hormones, 
and pregnancy were excluded from the study. Informed consent 
was obtained from all participants." 

Group 1 consisted of 33 normal volunteers who received 
ceruletide intravenously. The 19 males and 14 females ranged 
in age from 21 to 49 years (mean, 30); body weights were 50- 
102 kg (mean, 71). Graded ascending doses of 0.002-0.16 ug/ 
kg were administered to eight subgroups. The lowest total dose 
was 0.1 ug and the highest, 16.3 wg. 

In group 2, 12 normal volunteers received the drug intramus- 
cularly. The nine males and three females ranged in age from 
24 to 39 years (mean, 31); body weights were 40-102 kg (mean, 
71). Three subjects each received a single intramuscular injec- 
tion of either 0.08, 0.15, 0.2, or 0.3 „g/kg. The lowest total dose 
was 6.6 ug and te highest, 26.7 wg. 

The third group, consisting of 22 symptomatic patients who 
required oral cholecystography, was studied last. These 10 
males and 12 females ranged in age from 23 to 76 years (mean, 
47.4); body weights were 47-95 kg (mean, 63.7). Twenty patients 
received a single intramuscular dose of 0.3 ug/kg; two received 
0.15 g/kg. The lowest dose was 8.0 ug and the highest, 28.0 
„g (mean, 18.5 ug). 

Preparation consisted of a fatty meal for lunch on the day 
prior to the examination and a fat-free efening meal. To opacify 
the gallbladder, 3g of either iopanic acid or sodium ipodate was 
administered orally 12 hr before examination. If the gallbladder 


* Study approved by Institutional Review Committee for Human In- 
vestigation, Los Angeles County-USC Medical Center. 





er. D, After 15 min, 


ion in gallbladder area was only 16%, maximum for this patient. 
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Fig. 2.—Films before (A) and 25 min after (B) intramuscular adminis- 
tration of ceruletide (0.3 g/kg). Smooth concentric contraction of entire 
gallbladder with maximum reduction in gallbladder size (53%) at 25 min. 
Excellent visualization of cystic and common ducts. No evidence of 
selective spasm in neck or infundibulum interfering with emptying of 
body of gallbladder. 


was not visualized adequately, an additional 3g was given and 
the gallbladder radiographed the following day. 

Clinical and laboratory tests included complete physical ex- 
amination, vital signs, complete blood count, complete urinal- 
ysis, complete blood chemistry, and a 12-lead electrocardi- 
ogram. All tests were performed prior to and 24 hr after 
administration of the drug. 

A preliminary film was obtained with the patient recumbent, 
left side elevated, to determine the optimal position for gallb!ad- 
der visualization. Other views included anteroposterior recum- 
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Fig. 3. — Serial films before (A) and after (B-D) intramuscular administration of ceruletide (0.3 g/kg). B, After 3 min, 52% reduction in gallbladder 
size with visualization of duodenum (arrowheads). C, After 5 min, 7296 reduction in size of gallbladder (arrows). Visualization of duodenum persists 
(arrowheads). D, After 45 min, 10096 contraction of gallbladder. Small amount of opaque media still persists in duodenal bulb (arrows). 


bent, right lateral decubitus, and upright compression spot 
films, when indicated. In each case gallbladder radiographs 
were obtained at O, 1, 3, 10, 15, 30, and 45 min after the 
administration of ceruletide; in selected cases, an additional 
film was taken at 1 hr. All participants received 2.0 ml of saline 
either intravenously or intramuscularly, and a film of the gall- 
bladder was taken 20 min later (prior to the injection of cerule- 
tide) for use as a control. 

The effect of the drug was evaluated independently by two 
radiologists with regard to the extent of gallbladder contraction 
as determined by the reduction in gallbladder area (length x 
width), adequate visualization of the cyctic and/or common bile 
duct, and timing of these events after ceruletide administration. 


Results 
Intravenous Group 


In the 33 normal volunteers who received ceruletide 
intravenously, the maximum percentage reduction of 
gallbladder area was 5%-87% (mean, 32%), with maxi- 
mum contraction occurring at about 19 min. However, a 
selective spasm of the neck and infundibulum of the 
gallbladder occurred which interfered with emptying of 
the gallbladder, particularly at the higher dose levels (fig. 
1). Although the cystic and/or common bile ducts were 
visualized in half of the subjects prior to ceruletide 
administration, an additional 39% demonstrated visuali- 
zation of previously nonvisualized cystic and common 
bile ducts after intravenous ceruletide. In addition, there 
was improved visualization of the ducts, particularly 
when they were faintly opacified prior to the intravenous 
injection. 

Transient adverse effects were encountered clinically 
in 18 of the 33 subjects (5596). The side effects included 
abdominal pain or cramps, nausea, vomiting, sweating, 
flushing, tingling sensations, and a transient fall of blood 
pressure. No treatment was required for the self-limiting 
symptoms. Although the incidence of side effects de- 
creased to some extent by increasing the time over 


which the drug was injected, the incidence of side 
effects increased with doses greater than 0.08 ug/kg and 
was generally dose related. However, in all of the dose 
ranges, there were no significant changes in any of the 
laboratory parameters due to ceruletide administration. 
Although the intravenous administration of ceruletide 
appeared to be safe and could produce contraction of 
the gallbladder, it was felt that it was not the most 
desirable route of administration because of frequent 
spasm of the neck of the gallbladder at higher doses and 
the incidence of side effects. 


Intramuscular Group 


In the 12 normal volunteers receiving ceruletide intra- 
muscularly, the maximum reduction of gallbladder area 
compared to pretreatment size was 0-86% (mean, 48%); 
it took 15-60 min (mean, 36 min) to achieve at least 60% 
reduction in gallbladder size (or maximum reduction if 
less than 60%). The cystic duct and common duct were 
visualized after intramuscular ceruletide administration 
within 5 min in all subjects. There was excellent contrac- 
tion in the higher dose ranges (0.3 ug/kg). with visuali- 
zation of all anatomic structures (fig. 2). The entire 
gallbladder contracts concentrically, without spasm of 
the gallbladder neck to interfere with emptying. Visuali- 
zation of the duodenum occurred most frequently with 
doses of 0.2 and 0.3 ug/kg (fig. 3). There were no 
significant adverse effects either clinically or relative to 
the laboratory parameters. 


Clinical Study 


Because of the findings in the preceding groups, an 
intramuscular injection of 0.3 „g/kg of ceruletide was 
selected for the clinical trials in the 22 patients who 
required oral cholecystography as part of their clinical 
evaluation. Clinical indications included abdominal pain, 





Fig. 4.—A, Multiple large nonopaque calculi in poorly opacified 
gallbladder (arrows) prior to intramuscular administration of ceruletide 
(0.150 u.g/kg). B, 3 min after injection, 26% reduction in gallbladder size. 
No adverse clinical effects. Maximum contraction of gallbladder in this 
patient was obtained in 15 min (3196). Arrows indicate common bile duct. 


peptic ulcer disease, chronic pancreatitis, fever of un- 
known origin, and systemic lupus erythematosus. 

The maximum percentage reduction in gallbladder 
size for each symptomatic patient ranged from 10% to 
100% (mean, 65%). The mean time of maximum reduc- 
tion in gallbladder area was about 26 min; 67% of 
patients had greater than 40% reduction in gallbladder 
size. No spasms occurred in the region of the neck or 
infundibulum of the gallbladder. 

Five of the 22 patients had faint or good visualization 
of the common and cystic duct prior to administration of 
ceruletide. Of the remaining 17 patients, three had non- 
visualization of both the cystic and common ducts, one 
had visualization of the cystic duct alone, and one had 
visualization of the common duct, all following intramus- 
cular injection of ceruletide. Visualization of the com- 
mon duct and cystic ducts was best within the first 5 min 
after the injection. Six patients had abnormal cholecys- 
tograms including calculi, and the remaining 16 had 
normal radiographic findings. 

Figure 4 illustrates a patient with numerous calculi 
who received 0.15 ug/kg of ceruletide intramuscularly. 
There were no adverse effects, and the maximum gall- 
bladder contraction was 31% in 15 min. The common 
duct was also faintly visualized. Figure 5 shows a patient 
with a single large calculus who received 0.3 ug/kg of 
ceruletide intramuscularly resulting in excellent contrac- 
tion of the gallbladder with no adverse effects. 

Of the 22 symptomatic patients, only three had mild 
adverse reactions; nausea (two), vomiting (one), diarrhea 
(one), and cramps (two). These wese all mild. self-limit- 
ing, and did not require treatment. 


Discussion 


When injected either intravenously or intramuscularly. 
ceruletide produces a substantial contraction of the 
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Fig. 5.—A, Large calculus (arrow) in infundibulum of gallbladder prior 
to intramuscular administration of ceruletide (0.3 4g/kg). B, 3 min after 
injection, 59e reduction in gallbladder size with continued visualization 
of nonopaque calculus in region of infundibulum of gallbladder (arrow). 
C, 10 min after injection, large calculus persists in infundibulum of 
gallbladder (arrows). No interference with emptying of gallbladder. 
(arrowheads), and 8996 reduction in gallbladder size. No adverse clinical 
effects. 


gallbladder, with a measurable reduction in gallbladder 
area [2-5]. Evacuation of bile that results from contrac- 
tion of the gallbladder with relaxation of the sphincter of 
Oddi is similar to that which occurs physiologically in 
response to endogenous cholecystokinin. Maximum 
contraction (4096 or greater reduction in size) occurs as 
early as 5-15 min after intramuscular injection of cerule- 
tide, and in most instances within 30 min. However, films 
may be required up to 45 min in some patients to 
demonstrate maximum gallbladder contraction. The cys- 
tic and common bile ducts are usually best visualized on 
radiographs taken at 3, 5, and 10 min after the ceruletide 
injection. 





CERULETIDE IN CHOLECYSTOKINETIC CHOLECYSTOGRAPHY 


Gastrointestinal symptoms (e.g.. transient mild ab- 
dominal pain, cramps, and nausea) are minimal after 
intramuscular injection and are manifestations of the 
physiologic action of the drug (delayed gastric emptying 
and/or increased intestinal motility). Moreover, the side 
effects are less severe and far fewer in number when 
ceruletide is given intramuscularly rather than intrave- 
nously. Not only is the intramuscular administration a 
more convenient method, but it does not produce a 
spasm of the neck of the gallbladder as does the intra- 
venous injection at the higher dose ranges. When given 
intramuscularly, the gallbladder contracts in all areas 
concentrically, without any interference with emptying. 

Any method of producing gallbladder contraction is 
advantageous to the radiologist in differentiating small 
gas shadows from small stones. Although the diagnostic 
value of gallbladder contraction following oral cholecys- 
tography is still debatable, the improved opacification of 
the cystic and common ducts is quite useful in radiologic 
diagnosis. In many instances it may eliminate the need 
for further studies. 

In contrast to a fatty meal, contraction of the gallblad- 
der following intramuscular administration of ceruletide 
is more consistently predictable, and maximum contrac- 
tion of the gallbladder occurs more promptly. After a 
fatty meal, maximum contraction of the gallbladder usu- 
ally takes about 40 min [6]. The effects of a fatty meal are 
less predictable due to the dependency on emptying of 
the stomach and variability in rate of release of endoge- 
nous cholecystokinin. The fatty meal cannot be used to 
contract the gallbladder with any degree of predictability 
for patients with fatty food intolerance or malabsorption 
syndromes, for patients with gastric outlet obstruction. 
and for patients with gastroenterostomy bypass opera- 
tions. Moreover, the use of intramuscular ceruletide 
does not delay subsequently barium examination of the 
gastrointestinal tract as does a fatty meal. In addition. 
fewer films and less time are required. 

The intramuscular administration of ceruletide for cho- 
lecystokinetic cholecystography may possibly be useful 
in the diagnosis of acalculus cholecystitis [7-9]. Corre- 
lation of the pain pattern produced following injection of 
cholecystokinin in patients without gallstones has been 
suggested as possibly helpful in predicting the future 
occurrence of cholelithiasis, but this has not been well 
documented and requires further evaluation [7. 10]. 
Patients with suspected biliary dyskinesia have had the 
same spontaneous pain pattern reproduced after the use 
of intravenous cholecystokinin [7, 11]. In these in- 
stances, the use of intramuscular ceruletide is a more 
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convenient substitute. Since intramuscular ceruletide 
contracts the gallbladder and stimulates the exocrine 
pancreas, at the same time relaxing the duodenum. it is 
also a useful method of obtaining samples of duodenal 
contents for laboratory analysis. 

The intramuscular administration of synthetic cerule- 
tide following oral cholecystography. in a dose of 0.3 
„g/kg, affords a safe. effective means of gallbladder 
contraction. with resultant improvement in visualization 
of the cystic and common bile ducts. The incidence of 
side effects is considerably less than when the drug is 
administered intravenously. Peak contraction of the gall- 
bladder is more predictable and occurs earlier than with 
a fatty meal. 


ACKNOWLEDGMENTS 


We thank Dr. Martin Wieler and Neal Duenas for technical 
assistance, and Marie Andrianos for preparation of the manu- 
script. 


REFERENCES 


1. Sargent EN, Meyers HI, Hubsher J: Cholecystokinetic cho- 
lecystography: efficacy and tolerance study of sincalide. 
Am J Roentgenol 127 :267-271, 1976 

2. Carratu R, Arcangeli G, Pallone F: Effects of Caerulein on 
the human biliary tract. Rendiconti Gastroenterol 3:28-33. 
1971 

3. Orlandini l, Agosti A: The use of caerulein in the radiological 
study of the alimentary tract. Ann Radiol Diagnostica (Bo- 
logna) 4:341-346, 1970 

4. Orlandini |, Agosti A: Use of the new peptide caerulein in 
the study of the biliary ducts. Radio! Med (Torino) 55:1061- 
1070, 1969 

». Bertaccini G, Braibanti T, Uva F: Cholecystokinetic activity 
of the new peptide caerulein in man. Gastroenterology 
56:862-867. 1969 

6. Sacchetti G, Madelli V, Roncoroni L, Montanari G: Influ- 
ence of age and sex on gallbladder emptying induced by a 
fatty meal in normal subjects. Am J Roentgenol 119:40-45, 
1973 

7. Nathan MH, Newman A, Murray DJ, Camponovo R: Chole- 
cystokinin cholecystography. Am J Roentgeno/ 110:240- 
251, 1970 

8. Goldberg HI: Cholecystokinin cholecystography. Semin 
Roentgenol 11:175-179, 1976 

9. Levant JA, Sturdevant RAL: Use in C-terminal octapeptide 
of cholecystokinin in cholecystography. Am J Roentgenol 
121 : 380-383, 1974 

10. Backlund V: Cholecystokinin vid Rontzenundersokninger. 
Lakartidningen 64 : 2473-2476, 1967 

11. Valbert LS, Jabarri M, Kerr JW, Curtis AC. Ramehan S. 
Prentice RSA: Biliary pain in young women in absence of 
gallstones. Gastroenterology 60:1020-1026. 1971 


Percutaneous Cholangiography in Infants 


E. A. FRANKEN, JR.,' WILBUR L. SMITH,? JOHN A. SMITH,' AND JOSEPH F. FITZGERALD? 


Percutaneous transhepatic cholangiography was attempted 
in eight infants with normal-size bile ducts and was successful 
in four. The technique described is feasible in the infant age 
group, and is useful in the infant with obstructive jaundice. 


Percutaneous transhepatic cholangiography has been 
used for radiographic study of the bile ducts for several 
years, and numerous reports [1, 2] attest to its efficacy in 
diagnosis. Although there is isolated mention of its use 
in children [2-4] most experience with this technique 
has been in the adult with biliary tract obstruction. The 
risk of bile leakage from the puncture wound in the liver 
and difficulty in puncturing bile ducts of normal size 
have limited its use in children. 

Recently Okuda et al. [3] have reported cholangi- 
ography with a needle only 0.7 mm in outer diameter; 
this minimizes the risk of bile peritonitis and allows 
puncture of normal-sized ducts in the periphery of the 
biliary tree. Similar needles are available in North Amer- 
ica (Cook, Becton-Dickinson). This report describes our 
experience with this method in infants with obstructive 
jaundice. 


Technique 


All studies are performed under fluoroscopic control 
using a thin-walled 22 gauge, 15 cm needle (Cook, Inc., 
Bloomington, Ind.). Our technique closely parallels that 
of Okuda et al. [3] with some minor modifications. All 
children receive a general anesthetic, and respirations 
are controlled to produce apnea at the time of puncture. 
The puncture site is chosen in the midplane of the liver 


(usually the ninth or tenth intercostal space) and about 1 
cm anterior to the midaxillary line. From this point the 
needle is introduced paralleling the course of the rib and 
horizontal to the tabletop. It is advanced to a point near 
the midline, the stylet is taken out, and a syringe with 
water soluble contrast material is connected. With the 
infant taking shallow breaths, the needle is slowly with- 
drawn as contrast is injected. When bile duct filling 
occurs, appropriate spot films and abdominal radio- 
graphs are obtained to complete the evaluation. 

Most of our patients require multiple needle passes 
before a bile duct is entered. We reposition the needle a 
few millimeters above or below the original site and 
repeat the puncture if no bile duct filling is obtained. We 
have arbitrarily set a limit of six passes, although we 
have not encountered any complications and probably 
could make more attempts in critical cases. We often 
combine this procedure with percutaneous liver biopsy 
which can easily be done during the same anesthetic. 


Results and Discussion 


Our clinical material, results, and follow-up are sum- 
marized in table 1. In all patients the intrahepatic ducts 
were of normal size. No complications attributable to the 
procedure were noted in any patient. 

Percutaneous cholangiography in infants is a feasible 
procedure; in eight attempts we have successfully punc- 
tured bile ducts of normal size in four; two cases are 
illustrated (figs. 1 and 2). No complications were encoun- 
tered, and experience with adults has indicated that this 


TABLE 1 
Summary of Cases 


Patient 

Age (mo) Diagnosis 

and Sex 
A dope ae Neonatal hepatitis 
9o; Fou Cholestatic hepatitis Unsuccessful 
BE T aveo Cholestatic hepatitis Unsuccessful 
1'/2, F ....Neonatal hepatitis Unsuccessful 
10, M ....Choledochal cyst 

trahepatic ducts 

19/4, M ...Neonatal hepatitis 
m P ses Jaundice secondary to sepsis 
EM usns Biliary atresia Unsuccessful 
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Percutaneous Transhepatic 
Cholangiogram 


Normal intra- and extrahepatic ducts 


Choledochal cyst with normal-sized in- 


Normal intra- and extrahepatic ducts 
Normal intra- and extrahepatic ducts 








Follow-up 





Hepatitis and cirrhosis by biopsy and surgery 

Hepatitis with normal hepatic ducts at sur- 
gery 

Hepatitis by biopsy, clinical recovery 

Hepatitis by biopsy. normal ducts on opera- 
tive cholangiogram 

Choledochal cyst confirmed at surgery 


Hepatitis by biopsy and surgery 
Clinical recovery 
Biliary atresia confirmed at surgery 
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Fig. 1. —7-week-old boy with neonatal hepatitis. Needle enters branch 
of right hepatic duct. Contrast material deliniates normal common bile 
duct and enters duodenum. 


is a safe procedure [1, 5]. Chaumont et al. [6] report a 
similar technique in 12 infants without complications. 

We initiated this procedure in infants to study obstruc- 
tive jaundice. The concept that "biliary atresia’ is an 
active disease with progressive obliteration of the bile 
ducts rather than a congenital atresia is gaining support 
[7-10] but data of temporally consecutive study of the 
bile ducts in jaundiced infants are meager. To date we 
have been unsuccessful in visualizing the bile ducts in 
infants with surgical evidence of biliary atresia, but we 
plan aggressive diagnostic evaluation of these patients 
in an attempt to document the relationship of neonatal 
hepatitis, biliary hypoplasia, and biliary atresia. We are 
hopeful that percutaneous transhepatic cholangiogra- 
phy in the infant with obstructive jaundice will have a 
role along with serial liver function tests and liver biopsy 
in understanding this disease. 

We conclude that percutaneous transhepatic cholan- 
giography is a feasible and safe procedure in infants. 
While its ultimate value is undetermined, it is able to 
document a normal biliary tract in infancy. We anticipate 
it may be of value in diagnosis and understanding of the 
infant with suspected biliary atresia. 
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Fig. 2. — 10-month-old infant with choledochal cyst. Right hepatic duct 
and its branches are filled with contrast material. Common duct is 
massively dilated and no contrast material entered duodenum. 
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Computed Tomography of the Gallbladder 


THOMAS R. HAVRILLA,' NORBERT E. REICH, JOHN R. HAAGA, FRANK E. SEIDELMANN. 
AVRAM M. COOPERMAN, AND RALPH J. ALFIDI 


Computed tomography (CT) was used to study 79 patients 
with suspected gallbladder disease. First and second gener- 
ation scanners were used to determine the efficacy of CT in 
detecting cholecystitis or cholelithiasis. Manifestations of 
gallbladder disease such as hydrops, opaque and nonopaque 
gallstones, chronic cholecystitis with thickened inflammatory 
walls, and secondary liver abscesses can be easily detected. 
It is a useful technique for individuals in whom the gallbladder 
has failed to opacify on oral cholecystography. The scanning 
method is described, and estimates of reliability are given 
including its accuracy, limitations, and place in the manage- 
ment of gallbladder disease, especially cholelithiasis. When 
conventional radiographic examinations or ultrasound fail to 
give definitive diagnostic information, CT can be a useful 
alternative with an overall diagnostic accuracy greater than 
80%. 


In 1924 Graham and Cole [1] reported a radiographic 
method of demonstrating the gallbladder, and today oral 
cholecystography is still the procedure of choice in 
patients with suspected biliary disease. However, com- 
puted tomography (CT) is a new method for defining the 
confines of the gallbladder in precise anatomic detail. 
The diagnostic value of CT of the liver, including the 
differentiation of obstructive jaundice, has been previ- 
ously described [2-5]. The present study was undertaken 
to develop and refine the technique of cholecystoto- 
mography by CT scanning, to define its accuracy and 
limitations, and to evaluate its place in the management 
of patients with gallbladder disease, especially choleli- 
thiasis. We report information acquired over a 21 month 
period of clinical experience with CT examinations of the 
gallbladder. 


Subjects and Methods 


Between November 1975 and August 1977, 79 patients with 
suspected gallbladder disease were studied by CT. The CT 
results were later documented in 45 patients by surgical confir- 
mation, in 29 patients by cholecystographic diagnoses, and in 
five patients by conclusive clinical history and follow-up. Pa- 
tients with jaundice secondary to pancreatic disease were 
excluded from the study, since these were the subject of a 
previous report [3]. These patients were examined initially 
because of suspected hepatic or biliary disease or because of a 
nonvisualized gallbladder. In a few patients, biliary disease was 
discovered as an incidental finding on a CT abdominal exami- 
nation. 

Of the 79 patients, 12 (15%) were examined with the 2'/2 min 
Ohio Nuclear whole body scanner (Delta 50). The other 67 
patients (85%) were examined with the 18 sec Delta 50 FS 
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scanner which performs two simultaneous 13 mm slices in 18 
sec. Both units are commercially available. Two patients were 
also studied on an Ohio Nuclear prototype 2020 fast scanner 
which can perform a 4 mm or 7 mm transverse tomographic 
slice in 2 sec. With this prototype, artifacts secondary to 
respiratory motion and bowel peristalsis are greatly reduced. 
With the Delta 50 unit, no attempt was made to restrain respira- 
tory motion, With the Delta 50 FS scanner, the patient was 
instructed on breath-holding during the examination. The ma- 
jority of the patients were scanned in the supine position. As 
our clinical experience broadened, the patients were often 
examined both in the supine and right lateral decubitus posi- 
tions. In the latter position, the gallbladder is often projected 
anteriorly away from the liver parenchyma and adjacent trans- 
verse colon for better visualization (fig.1). The right lateral 
decubitus position also helps in decreasing motion artifacts. 

Intravenous iodinated contrast agents were used in 36 pa- 
tients (46%) to increase the attenuation coefficient of surround- 
ing hepatic parenchyma. As has been previously described, the 
attenuation coefficient of surrounding hepatic parenchyma in- 
creases in density while bile ducts remain the same density and 
appear to be unaffected [3]. In patients with a nonvisualized 
gallbladder on oral cholecystography, where cholecystitis or 
cholelithiasis is clinically suspected, no intravenous contrast 
agent was given since the gallbladder was the primary target 
organ for CT examination. 

The normal gallbladder is a low density organ in the right 
upper quadrant adjacent to the medial aspect of the right lobe 
of the liver (fig. 2). The gallbladder in most instances lies lateral 
to the longitudinal fissure and medial to the right lobe of the 
liver. On occasion, as anormal variation, it may lie medial to the 
longitudinal fissure. In addition, the substance of the gallblad- 
der may be entirely intrahepatic particularly if the quadrate lobe 
is absent. Normally, however, the gallbladder neck is firmly 
attached to the liver with a portion of the fundus lying free 
within the peritoneal cavity. With the 18 sec and 2 sec fast 
scanners, the normal gallbladder is routinely identified in the 
supine position. 

The density of the gallbladder varies with the viscosity of bile 
and ranges from 0 to 20 Hounsfield units (HU). If Cholografin is 
injected intravenously, the bile ducts and gallbladder increase 
in density and become readily discernible from the adjacent 
liver parenchyma. Hydrops of the gallbladder is seen as a low 
density region larger than the normal gallbladder displacing 
surrounding tissues (fig. 3). No attempt was made in this study 
to correlate the CT appearance of a gallstone with its chemical 
composition. Theoretically, a pure cholesterol stone will be of 
lower density than a mixed stone containing significant 
amounts of calcium. Therefore, because of the high sensitivity 
of CT to small variations in tissue density, calcified or partially 
calcified gallstones should be easily detectable within the low 
density bilious fluid within the gallbladder. 
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Fig. 1.—A, Normal-appearing gallbladder, Delta 50 2'/2 min scanner, supine position. L = liver, g = gallbladder. B and C, Later reexamination, right 
lateral decubitus position, Delta 50 FS 18 sec scanner. B, Low density curvilinear gallbladder (arrow) is well delineated from hepatic parenchyma. This 
position aids in identifying gallbladder, disclosing calculi not well defined on supine view, and demonstrating their positional changes. C, More 
cephalad slice. Large low density calculus (arrow) is now evident within fundus of gallbladder. Combination of faster scanning time and decubitus 





imaging permitted identification of calculus. 
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Fig. 2.—Normal gallbladder in two patients, Delta 50 FS scans. A, Low density gallbladder is tucked beneath medial aspect of right lobe of liver 
(arrow). Benign cyst at posterior surface of left kidney was noted incidentally. B, Low density spherical gallbladder (arrow) is noted along medial 
undersurface of right lobe of liver (L). Duodenal loop (d) passes anterior to inferior vena cava. 


Results 


The results obtained for 79 patients with suspected 
biliary disease are summarized in table 1. The scans 
were directly read from computer tape on a video moni- 
tor by one of several radiologists, not all of whom had 
the same clinical experience in interpretation of CT. CT 
accurately diagnosed stones within the gallbladder, 
either radiopaque or radiolucent, én 39 of 50 patients 
with cholelithiasis (78%). 

In this prospective study there were three false positive 
CT examinations. In one case laminated calcifications in 
the renal parenchyma adjacent to the gallbladder were 
mistakenly identified as gallstones on CT. One patient 


had chronic cholecystitis with thickened gallbladder wall 
and adhesions, and the third had an inflammatory mass 
in the right lobe of the liver (no calculi). The 11 false 
negative studies included four patients in whom the 
gallbladder was not visualized: two had technically ade- 
quate scans but two had motion artifacts. In five patients 
calculi were missed completely, one was obscured by 
artifact and one by contrast material in the gallbladder. 

In retrospective review of the CT examinations, 
stones initially missed by the primary reviewer could be 
identified in eight patients. Therefore, the retrospective 
accuracy is 47 stones in 50 patients (94%). 

Seven patients with functioning gallbladders were 
studied by CT. Diagnosis in six of these patients corre- 
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Fig. 3.—Two patients with hydrops of gallbladder, Delta 50 2'/2 min 
scanner. A, Large spherical gallbladder (G) displaces normal hepatic 
parenchyma in patient with biliary obstruction secondary to carcinoma 
in head of pancreas (P). Proximal dilated bile ducts are not evident on 
this view. B, Low density large gallbladder (G) secondary to obstructing 
cholangiocarcinoma of common bile duct (c) invading pancreatic head. 
C, More cephalad slice in same patient as 8. Large irregular low density 
mass is present in left lobe of liver and porta hepatis (arrows) with 
associated dilatation of biliary tree (arrowhead). At laparotomy, carci- 
noma involved bifurcation of hepatic ducts with direct invasion of liver 
and porta hepatis. 


lated well with the CT findings in that no stones were 
found. Of 15 patients with nonfunctioning gallbladders 
on oral cholecystography with no evidence of stones, CT 
was correct in 14. In 17 patients with dense stones 
proven by CT, only five had evidence of calcification in 
the right upper quadrant on the plain film of the abdo- 
men. One patient with a "normal" oral cholecystogram 
had CT demonstration of a dense gallstone which was 
later confirmed by surgery. This false negative oral 
cholecystogram was probably due to isodensity of the 
calcified stone with the contrast-filled gallbladder. 

Four patients without cholelithiasis had evidence of an 
abscess or inflammation of the gallbladder bed second- 
ary to cholecystitis. In one patient, an elderly diabetic 
woman, bilateral renal and perinephric abscesses were 
diagnosed by CT. A follow-up examination showed not 
only the abscesses but also a thickened, severely dilated 
gallbladder. At laparotomy, the gallbladder was gangre- 
nous. The gallbladder was the primary focus of a bacter- 
emia which caused the renal infections. Another patient 
with suspected gallbladder disease on CT examination 
had a large low density area adjacent to the gallbladder 
which was felt to represent either an abscess or metas- 
tases in the gallbladder bed. The gallbladder was not 
visualized on oral cholecystography. At laparotomy, 
there was torsion of the common bile duct with an 
inflammatory mass involving the right lobe of the liver. 
At CT examination, stones were thought to be within the 
gallbladder; however, no stones were found at laparot- 
omy. On the patient's preoperative urogram, renal paren- 
chymal calcifications were present in the right upper 
pole. This study was therefore considered a false positive 
CT examination for cholelithiasis, although the inter- 
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TABLE 1 
CT Results of Gallbladder and Biliary Tract 

















Correct CT Diagnosis 














Proven No. 
Diagnosis Cases Mis: 

Gallbladder: | i 
| | 2s 50 39 78 
No calculi ..... 25 22 88 

OSF eoar eso 4 4 | 100. ] 

VOD ous 79 65 82 








preter was correct in identifying the inflammatory mass 
within the liver. 

Calcifications adjacent to the gallbladder can simulate 
cholelithiasis occasionally, especially in scans of poor 
technical quality or those marred by patient motion 
artifacts. Gas artifacts secondary to peristalsis within the 
colon can also simulate calcifications adjacent to the 
gallbladder. In addition, opaque stones visible on CT 
may not be visible on plain films. Gallstones are often 
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Fig. 4.—A, False negative gall- 
bladder study, 18 sec fast scan. Pro- 
spective CT interpretation of gall- 
bladder was normal. In retrospect, 
at normal center (73 HU) and win- 
dow (390 HU) settings, poorly de- 
fined area of increased density (ar- 
row) is present in fundus of gallblad- 
der (g). L = liver. High density mo- 
tion artifacts (arrowheads) are from 
secondary bowel gas peristalsis. B, 
Lower window setting (128 HU). 
Contrast enhancement is improved 
between low density bile and high 
density calcific gallstones (arrow). 





Fig. 5.—A, Patient with nonvisualized gallbladder on oral cholecystogram, Delta 50 2'/; min scan. Note large spherical calcification (arrow) in region 
of porta hepatis. At surgery, large gallstone had migrated from gallbladder to porta hepatis. B, Right upper quadrant radiograph. In retrospect, after 
knowledge of CT and surgical findings, poorly defined stone (arrow) is visible in right upper quadrant. 


less dense than the bile in the gallbladder. These may 
not be visible during viewing unless the window width is 
reduced to low levels (e.g., below 100 HU). In viewing 
the gallbladder, the window width should be varied to 
detect pure cholesterol stones and also to enhance the 
contrast density difference between bile and calcified 
stones (fig. 4). Stones which are isodense with the 
surrounding bile will not be detected by CT and will 
result in a false negative examination. In this instance, a 
complementary ultrasound examination would be inval- 
uable in detecting the presence of stones. In our experi- 
ence, the density of bile within the gallbladder can vary 
from 0 to 20 HU. 

One patient with a nonvisualizing oral cholecystogram 
and negative reading of a plain film of the abdomen had 
a large laminated calculus shown by CT which appeared 


to be outside the confines of the gallbladder and situated 
in the portal area (fig. 5A). At laparotomy, a gangrenous 
gallbladder was found with perforation of a large 3 x 3 
cm gallstone into the liver bed and porta hepatis. In 
retrospect, the stone was visible on the plain film (fig. 
5B). 

One patient with suspected acute cholecystitis had a 
CT examination because of an allergy to iopanoic acid. 
Many gallstones were noted on CT. One stone was 
thought to be either within the cystic duct or the proximal 
common bile duct (fig. 6). At laparotomy, acute chole- 
cystitis was present with associated hydrops secondary 
to a stone impacted within the cystic duct. 

Hydrops of the gallbladder may not be clear-cut. Gen- 
erally, the gallbladder was felt to be borderline enlarged 
if its diameter was 4-5 cm. If the width of the gallbladder 
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Fig. 6.— Patient with severe epigastric pain, suspected cholecystitis, 
and allergy to Telepaque and Cholografin; Delta 50 2'/2 min scan. Note 
high density calcifications in region of gallbladder bed and cystic duct 


(arrow). Laparotomy confirmed acute cholecysitis with impacted stones 


in cystic duct. 





























Fig. 7.—Asymptomatic elderly patient convalescing 
after insertion of total hip prosthesis. During CT scan for 
evaluation of left renal mass, enlarged gallbladder 6 cm in 
maximum transverse diameter was noted. Oral cholecys- 
togram 1 day later was entirely normal. Postoperative 
fasting with nasogastric tube and intravenous fluid main- 
tenance probably accounted for appearance of gallblad- 
der. 


was greater than 5 cm, it was considered definitely 
enlarged. However, a gallbladder wider than 5 cm can 
be normal or can relate to nonobstructive causes (fig. 7). 
Pathologic findings in one patient with an enlarged 
gallbladder noted by CT and at surgery indicated toxic 
hepatitis with no evidence of obstruction. Patients with 
diabetes also tend to have large gallbladders. Other 
causes of hydrops are biliary sludge, obstruction of the 





Fig. 8.— Large carcinoma in upper pole of right kidney and associated 
curvilinear calcifications (arrow), Delta 50 FS scan. Calcifications are 
clearly within renal parenchyma and not within gallbladder (arrowhead). 
CT raised question of radiolucent calculus within gallbladder; at laparot- 
omy, no gallbladder calculi were evident. 





Fig. 9.—False negative CT scan. Note large dense 
gallstone (arrow) in tip of gallbladder (g). Calcification was 
present in right upper quadrant on plain abdominal film in 
this patient with nonvisualized gallbladder. Ultrasound 
examination clearly disclosed calculus later confirmed by 
surgery. Large renal cyst (K) also extended from superior 
pole of right kidney. Because of location of stone, confu- 
sion with high density oral contrast within duodenum 
could easily occur. L = liver. 


cystic duct because of inflammation and edema, and 
encroaching primary or metastatic tumor. 

Of the three false positive CT scans for stones, one 
patient had a calcification adjacent to the gallbladder 
(fig. 8). On the urogram, the laminated calcifications 
were Clearly identified within the kidney parenchyma. At 
laparotomy, the patfent did have carcinoma of the right 
kidney with positive paraaortic lymph node metastases. 
The second patient at laparotomy had chronic cholecys- 
titis with a thickened gallbladder wall and associated 
adjacent adhesions but no calculi. The third patient 
previously described had an inflammatory mass identi- 
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Fig. 10.—False negative CT scan. Gallbladder not well 
visualized because of high density streaking (a) secondary 
to bowel gas and peristalsis. L = liver. 


fied within the right lobe of the liver adjacent to the 
gallbladder without cholelithiasis. 

Of the 11 false negative examinations, liver metastases 
in one patient were clearly identified but not the biliary 
calculus. Another patient had gallbladder calculi which 
had been overlooked during a CT examination done 
specifically for a renal cyst aspiration in the prone 
position; in retrospect dense calcific gallstones were 
present (fig. 9). In two patients, motion artifacts clearly 
crossed the region of the gallbladder obscuring the 
stones (fig. 10). Contrast material in the gallbladder after 
oral cholecystography hampered the identification of a 
low density calculus in another patient (fig. 11). In the 
remaining patients, the scans were technically adequate, 
but the calculi were not identified by the initial interpreter 
on the prospective study (figs. 4A, 4B, and 12). Eight of 
the 11 patients had calculi within the gallbladder, either 
radiopaque or radiolucent on reinterpretation. 


Discussion 


CT is no longer a new technique but an established 
diagnostic mode. However, the applicability of CT in the 
study of intraabdominal organs such as the gallbladder 
is not completely established. Our results indicate that 
CT can be helpful in the study of patients with a nonvi- 
sualized gallbladder or suspected acute or chronic gall- 
bladder disease. The gallbladder can be identified in 
most patients without difficulty. Ideally, the physician 
should monitor the examination. 

In patients with a nonfunctioning gallbladder or in 
whom acute cholecystitis is suspected, radiopaque and 
nonradiopaque calculi can be easily seen. If calculi are 
not evident by CT, often associated changes can be 
noted, such as hydrops secondary to cystic duct obstruc- 
tion (two cases; fig. 13) or common bile duct stones, 
surrounding inflammatory reaction (fig. 14), or intrahe- 
patic abscesses secondary to cholecystitis. Perforation 





Fig. 11.— False negative study. Middle-aged female with 
gallstones noted on ultrasound and oral cholecystogram 
with subsequent cholecystectomy. Initial prospective in- 
terpretation of CT gallbladder scan was normal. Retro- 
spectively, low density calculus (arrow) is clearly seen 
within contrast-filled gallbladder. In such instances, varia- 
tion of window width may be of benefit. However, stones 
isodense with contrast-filled gallbladder will go unde- 
tected. 


of the gallbladder with migration of the stones is also 
readily apparent. In patients with right upper quadrant 
calcifications on conventional radiographs, the excellent 
cross-sectional detail of CT can pinpoint their exact 
location in relation to the gallbladder. If hydrops is 
associated with dilatation of the intrahepatic biliary tree 
and the common bile duct and a mass is present within 
the head of the pancreas or porta hepatis, a tumor or 
inflammatory mass would be the most likely possibility 
(fig. 15). 

With the newer third and fourth generation fast scan- 
ners attaining a scanning time of 2 sec, image resolution 
has been improved dramatically with virtual elimination 
of physiologic motion. In one patient, the gallbladder 
appeared normal utilizing an 18 sec scanner. However, 1 
day later, with the aid of a 2 sec scanner, a small 
radiopaque dense gallbladder calculus 4 mm in diameter 
was readily apparent (fig. 16). Both scans delivered 
approximately the same skin dosage. In a similar com- 
parison prospectively and retrospectively, a patient had 
a normal gallbladder examination utilizing a 2'/» min 
scanner in the supine position. However, a repeat exam- 
ination with an 18 sec CT scanner in the right lateral 
decubitus position revealed a low density stone within 
the fundus of the gallbladder (fig. 1). Obviously two 
factors (scan speed and patient position) were altered 
here. 

Because of the limited number of cases studied by 
both ultrasound and CT, no direct comparison could be 
made concerning the accuracy of diagnosis. Reported 
accuracy of ultrasound in the detection of cholelithiasis 
varies from 66% to 93% [6-10]. In addition, gray scale B- 
scan examination of the common bile duct can be very 
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Fig. 12.—Cholelithiasis, false 
negative CT study. A, Retrospec- 
tively, dense stone (arrow) is present 
within gallbladder (g). Because of 
location of stone peripherally, con- 
fusion with residual contrast within 
duodenal loop is possible. Right lat- 
eral decubitus position may be of 
further benefit to evaluate movement 
of stone relative to its present posi- 
tion within gallbladder. B, At very 
narrow window setting high density 
stone (arrow) is even more apparent 
in contrast to bile-filled gallbladder. 
L = liver. Note density of stone com- 
pared to ribs and spine (S). 





Fig. 13.— Cystic duct stone, Delta 50 2'/2 minute scan. Large dense 
round caicification is noted in region of gallbladder bed and cystic duct. 
At surgery, gallstone was impacted within cystic duct. 


accurate [11] in the differentiation of jaundiced patients 
and the detection of common bile duct stones. 

Advantages of ultrasound are that, with a skilled oper- 
ator, the examination can be done easily in a short time 
and on an emergency basis. Ultrasound also can be 
done in transverse and longitudinal planes. It would be 
the procedure of choice in patients with confirmed 
pregnancy [7]. Ultrasound of the gallbladder is less 
expensive than a CT examination and poses no radiation 
hazard. The normal gallbladder can also be identified in 
up to 92% of patients [6]. Some disadvantages include 
gallstone artifacts secondary to very high gain settings, 
respiratory motion or overlying gas, failure to define the 
gallbladder wall, and inability to locate the gallbladder 
[6]. 

On CT examination, failure to identify the gallbladder 
may be secondary to overlying artifacts. A small scarred 
gallbladder secondary to chronic cholecystitis may also 
be difficult to detect (fig. 17). In the jaundiced patient, 





Fig. 14.— Chronic cholecystitis. Prominent low density gallbladder in 
right upper quadrant has thickened wall (arrow). On first and second 
generation scanners, gallbladder wall is not readily discernible in normal 
patients. 


oral cholecystography or intravenous cholangiography 
may fail to adequately visualize the gallbladder. In these 
circumstances either ultrasound or CT may be more 
useful. Again, either ultrasound or CT would be indicated 
in patients with a history of allergic sensitivity to intrave- 
nous cholangiographic agents. Because of the extreme 
sensitivity of CT to density differences, mixed stones 
containing varying amounts of calcium can be easily 
detected. However, low density pure cholesterol stones 
or stones containing minute amounts of calcium may be 
isodense with bile by CT examination and impossible to 
detect. Therefore, ultrasound would be complementary 
in this instance. 

Oral cholecystography is still the procedure of choice 
in the evaluation of fhe patients with possible cholecys- 
titis or cholelithiasis. The overall accuracy rate of chole- 
cystography has been reported as 97%-99% [12-14]. 
Others report that as high as 896 of gallstones in vitro are 
obscured by the contrast material [14]. Burhenne [15] 
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Fig. 15.— Calcific pancreatitis. Note large pseudocyst within head of 
pancreas (arrow), dilated gallbladder (G), and small dense gallstone. 





Fig. 16.— Cholelithiasis, 2 sec Delta 2020 scan, 200 mAs. Note small 
dense stone within fundus of gallbladder (arrow). Virtually no bowel gas 
artifact is present. 


believes that this accuracy is somewhat overrated. In a 
retrospective review by Mujahed et al. [16] of 5,000 
patients studied by oral cholecystography, only 75% of 
gallbladders visualized adequately on the first dose. 
However, they felt that if the gallbladder was not opaci- 
fied after the second dose, this was diagnostic of intrin- 
sic disease when other extrinsic factors were excluded. 

Intravenous cholangiography is at alternative exami- 
nation for the identification of the gallbladder and sus- 
pected calculi in the nonvisualized gallbladder on oral 
cholecystography. However, in general, oral cholecys- 
tography is much more accurate and reliable. In addi- 





Fig. 17.— Chronic cholecystitis and cholelithiasis. Note two dense 
gallstones (arrows) within small scarred gallbladder. 


tion, visualization of the gallbladder on intravenous chol- 
angiography does not necessarily indicate a normal 
gallbladder with nonvisualization on the oral study [16]. 

We recommend oral cholecystography as the proce- 
dure of choice in a nonjaundiced patient with suspected 
gallbladder disease. With the present data, ultrasonic 
cholecystography should then be done if the gallbladder 
is not visualized or if cholelithiasis is suspected. CT 
scanning of the gallbladder should be reserved for situ- 
ations in which conventional radiographic examinations 
or ultrasound fail to provide a confident diagnosis. CT 
would then be a worthwhile alternative, providing an 
overall diagnostic accuracy greater than 80%. 
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Scanning Techniques in Computed Body Tomography 


ROBERT H. KIRKPATRICK,' JACK WITTENBERG, DERACE L. SCHAFFER, EDWARD B. BLACK, DEBORAH A. 
HALL, BARBARA S. BRAITMAN, AND JOSEPH T. FERRUCCI, JR. 


Clinical examinations with the whole body CT scanner 
require considerable individualization of examination tech- 
nique in relation to specific organs, anatomic areas, and 
clinical problems. Careful selection of radiographic factors, 
patient position, contrast agents, and pharmacologic adjuncts 
will optimize diagnostic results and patient throughput. 


Extracranial examinations with a whole body computed 
tomographic scanner demand careful attention to pa- 
tient, organ, and problem-specific variables if an optimal 
result is to be expected. Availability of guidelines for 
standardized scanning techniques of common clinical 
problems improves patient throughput as well as quality 
and uniformity of results. This paper reviews routine 
clinical scanning procedures developed at the Massa- 
chusetts General Hospital based on existing literature 
and 18 months experience with nearly 1,000 patients 
examined on the EMI general diagnostic scanner. Ini- 
tially, the CT 5000 whole body prototype unit was used; 
later this was upgraded to the CT 5005 configuration. 


General Principles 
System Features 


CT delineation of a lesion depends on its morphologic 
size and shape (spatial resolution) as well as its absorp- 
tion characteristics (contrast resolution) particularly in 
relation to surrounding tissues [1]. While morphologic 
features are essentially unalterable, both the homoge- 
neity of a lesion and its absorption characteristics may 
be materially affected by the administration of intrave- 
nous contrast agents [2]. Overall system resolution is 
dependent on photon flux which directly affects ab- 
sorbed patient radiation dose. Decreasing dose, of ne- 
cessity, adds to system noise and thus reduces resolu- 
tion [3]. Artifacts are a second major limitation of reso- 
lution and may be caused by many factors, the most 
serious of which are biologic motions (i.e., muscular, 
peristaltic, respiratory, and cardiovascular) [4]. 

Extrathoracic muscular contractions rarely cause a 
significant problem. Scanning time is now sufficiently 
abbreviated so as to obviate respiration as a common 
source of artifact in cooperative outpatients. Still, some 
critically ill patients will be unable to suspend respiration 
even for 18 sec. However, peristaltic contractions of the 
gastrointestinal tract do frequently create major artifacts 
which can render a study uninterpretable [4]. Fortu- 
nately, parenterally administered spasmolytic agents are 
usually successful in reducing these artifacts. Cardiac 
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pulsations restrict evaluation of the heart and contiguous 
mediastinal structures and may also produce serious 
image degradation within the liver parenchyma at the 
dome of the left hepatic lobe and occasionally in the 
right hepatic lobe as well. 


Contrast Agents 


Contrast opacification of the alimentary tube is invari- 
ably necesary to avoid confusing loops of bowel with a 
mass in the head of the pancreas, enlarged lymph nodes, 
or abscesses (fig. 1) [5]. Both barium and meglucamine 
diatrizoate (Gastrografin, Squibb) have been used for 
this purpose. However, the usual barium mixture and 
undiluted Gastrografin are of such high density that 
serius motion artifacts often result. By trial and error, a 
1096 solution of Gastrografin has proved satisfactory as 
an oral contrast agent because of its lower density and 
rapid transit through the upper gastrointestinal pas- 
sages; the 10?6 solution is administered about 15-30 min 
before upper abdominal examinations. However, since 
even a dilute solution of Gastrografin frequently stimu- 
lates intestinal peristalsis, the use of an antispasmodic 
agent is mandatory in all patients receiving oral contrast 
at the time scanning sequence is initiated. For this 
purpose, intravenous glucagon (Lilly) remains the drug 
of choice in a dose of 0.5-1 mg. If glucagon is unavaila- 
ble, propantheline bromide (Probanthine, Searle) is ad- 
ministered intravaneously in a dose of 5-10 mg after the 
risk of side effects is carefully considered. With both 
agents, scanning is initiated immediately after injection. 
Antiperistaltic agents are also advised in patients in 
whom preliminary control sections of the abdomen dis- 
close the presence of intestinal gas, even though oral 
contrast material is not otherwise indicated. 

Conventional triiodinated intravenous contrast agents 
are often of value in examining the solid parenchymal 
organs (liver, kidney, spleen), ureters, and urinary blad- 
der and its surrounding pelvic structures [6]. Either 
diatrizoates or iothalamate agents may be used in the 
standard doses for intravenuos urography. We adminis- 
ter 300 ml of 30% meglumine diatrizoate over 10 min. 
While iodipamide (Cholografin, Squibb) was initially 
evaluated in scanning for disorders of the liver and 
biliary ducts, adequate opacification of hepatic paren- 
chyma has not been observed with this agent. In view of 
the risk of reactions with iodipamide, its use has been 
discontinued. 

While contrast material may be administered by bolus 
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Fig. 1.—Pseudomass resulting from juxtaposition of bowel 
loops in 69-year-old male with metastatic carcinoma, unknown 
primary. A, Section through lower abdomen demonstrating left 
paraaortic lymph node mass. On right, tissue density structures 
were evident immediately lateral and anterior to inferior vena cava 
(arrow). It was uncertain whether these represented further nodal 
masses or bowel loops. B, Study after oral ingestion of dilute 
Gastrografin showing "masses" to be result of adjacent duo- 
denum. 


or infusion, evidence suggests a lower incidence of 
adverse reactions with the infusion method (R. C. Pfister, 
personal communication). Although the rationale for use 
of bolus injection is based on improved immediate vi- 
sualization of the intravascular space, it has been shown 
that contrast material administered by this technique 
fails to remain within the intravascular compartment 
long enough to permit a complete examination. 

Using intravenous bolus injection in dogs, Newhouse 
[7] demonstrated that one-half the dose of '**l iothala- 
mate can be detected within the extravascular compart- 
ment within 1 min. Since present CT scanners cannot 
complete an entire examination withjn this period of time 
and the extravascular compartment is usually of primary 
interest, we have elected the infusion technique as the 
routine approach. The apparent lower incidence of ad- 
verse reactions and the ease of administration are worth- 
while additional benefits. Scanning is commenced after 


Fig. 2. — Enhanced visibility of hepatic metastases with iodi- 
nated contrast material in 60-year-old female with carcinoma of 
colon. A, Section through liver demonstrating single circum- 
scribed area of low attenuation (arrow). B, Section at similar level 
immediately after infusion of iodinated contrast material showing 
multiple well demarcated areas of low attenuation consistent with 
metastatic deposits. Subsequent studies documented progressive 
enlargement. 


one-half of the infusion solution has been administered. 
In selected instances (e.g.. when evaluating a small 
hypervascular parenchymal mass or a visceral arterial 
aneurysm), bolus injection is preferred so that scanning 
can be performed before contrast leaves the vascular 
compartment. In such cases, serial scans are obtained at 
the same level immediately after cessation of injection. 

Contrast enhancement is indicated principally when 
initial plain scan sequences fail to demonstrate a sus- 
pected abnormality or further clarification of a demon- 
strated abnormality is required. On enhanced scans 
most hepatic space-occupying lesions show relatively 
less iodine accumulation than that achieved in surround- 
ing normal liver parenchyma and are thus more clearly 
delineated (fig. 2) [B, 9]. However, hypervascular lesions 
such as islet cell carcinoma of the pancreas and vascular 
liver metastases may become isodense and obscured by 
infusion of contrast material (fig. 3). Hence intravenous 
contrast material is rarely administered when scanning 
solid abdominal organs without first performing a non- 
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Fig. 3.—Masking effect of intravenous contrast material in 
hypervascular (isodense) hepatic metastasis in 41-year-old male 
with pancreatic glucagonoma. A, Section through liver demon- 
strating two circumscribed areas of low attenuation (arrows). 
Previous angiography demonstrated multiple hypervascular le- 
sions. B, Section taken immediately after infusion of intravenous 
contrast material showing that previously defined lesions are 
obscured. 


enhanced scan. In addition, small calcifications could be 
obscured on a contrast-enhanced scan. 


Radiographic Factors 


Radiographic factors used vary according to the organ 
system and clinical problem under study. Although both 
8 and 13 mm collimators are widely available, the 8 mm 
collimator has thus far failed to achieve a diagnosis not 
visible on 13 mm sections. This is probably a reflection 
of the poorer resolution occurring as a result of the 
lesser photon flux associated with the narrower collima- 
tor. This is in distinction to computed cranial tomogra- 
phy, where 8 mm sections at the base of the skull or 
through the orbits have proved to be of clinical value. 

The initial patient position in virtually all studies is 
supine. The number of sections obtained depends on 
how large a separation between the 13 mm sections is 
tolerable without significant risk of overlooking a patho- 
logic finding. Consideration must therefore be given to 
the size of the suspected abnormality. The radiation 
dose to the patient (which approximately doubles with 
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contiguous sections) and the efficient use of the scan- 
ning unit must be balanced against acceptable section 
separations. 

Additional concepts to be appreciated by the radiolo- 
gist interpreting CT examinations include the partial 
volume effect and enhancement of picture contrast by 
variation in window width and level on the display con- 
sole. 

Partial volume effect. If a homogeneous lesion falls 
entirely within the width of the collimated beam, an 
accurate reflection of the morphologic and absorption 
characteristics of the lesion will be present on the final 
image. If this same homogeneous lesion is only partially 
located within the collimated beam width, then the 
absorption characteristics of the lesion will reflect both 
the surrounding normal tissue as well as the area of 
abnormality and will therefore be falsely elevated or 
lowered depending on the native density of the tissue 
surrounding the lesion [9]. By the same token, a lesion 
with a diameter of less than 13 mm collimated beam may 
be "averaged" with the density of the surrounding tis- 
sues. 

Window width variation. Wide window settings extend 
the range of gray scale display and reduce appreciation 
of statistical noise but also decrease picture contrast, 
that is, the ability to discriminate areas (pixels) of differ- 
ing density. Thus during search for intraparenchymal 
liver lesions, routine use of narrow window widths with a 
window level set at the approximate density level of the 
anticipated abnormality is mandatory to achieve optimal 
contrast for detection of small intrahepatic abnormalities 
(fig. 4) [9, 10]. 


Prescanning Localization Techniques 


An important consideration prior to scanning is careful 
localization of the area to be studied. This contributes to 
improved patient throughput while decreasing absorbed 
radiation dose to the patient. 

While it was initially anticipated that routine use of 
prescanning radiographic imaging, such as ultrasound 
or scout radiographs with lead markers taped to the 
patients’ skin, would be necessary, these have proved 
needlessly cumbersome for the experienced technolo- 
gist to use routinely. Nevertheless, the prescan radio- 
graph does initially serve a useful purpose in permitting 
the development of a set of standard external physical 
landmarks which are then used in the majority of clinical 
examinations (see below). A secondary practical benefit 
of a prescan film is determination of residual barium, 
metallic surgical clips, and pathologic calcifications to 
aid in CT interpretation. Obviously any recent abdominal 
radiograph could serve this purpose as well. On occa- 
sion, a prescan radiograph is also necessary to monitor 
the progress of Gastrografin through the intestine, to 
insure opacification of distal intestinal segments. Radio- 
graphs with opaque skin reference markers are now 
reserved for cases in which the abnormality of interest is 
visible on conventional radiographs, so that precise 
correlation can be made during scan interpretation. In 
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Fig. 4. — Effect of window width variation on lesion demonstra- 
tion in 53-year-old female with colon carcinoma. A, Section 
through liver disclosing two large well circumscribed areas of low 
attenuation (window width = 200 EMI units, window level = 0 EMI 
units). B, Same section (window width — 75 EMI units, window 
level = 25 EMI units) showing two obvious lesions even more 
clearly emphasized; two additional lesions (arrows) have now 
become more convincing. 


practical terms the most important prescan localization 
factors remain an adequate clinical history, physical 
examination, and previous conventional radiographic 
contrast studies. 


Image Recording 


Apart from the merits of Polaroid versus film transpar- 
ency format, permanent scan images are usually ob- 
tained at standard convenient window levels and widths. 
Window width of 200 EMI units provides a slightly wider 
range of gray scale than the 100 window width, but either 
usually proves quite satisfactory foe general abdomino- 
pelvic image recording. Window levels are most often 
set at 0 EMI units. As noted above, search for hepatic 
space-occupying lesions should also be carried out with 
a narrow window width (75 EMI units) and higher window 
levels (+25 EMI units) to optimize inherent contrast 
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discrepancies between normal and pathologic hepatic 
processes. In general, manipulation of the data at the 
display console to vary contrast or measure intralesional, 
areal, or individual pixel attenuation is required to dem- 
onstrate special diagnostic features. 


Clinical Scanning Protocols 


Pancreas 


In examining a patient with a suspected pancreatic 
mass or pancreatitis, the xiphoid process serves as the 
external landmark to begin the examination. In obese 
patients scanning begins at the exact level of the xiph- 
oid. In slender patients scanning begins 2 cm below the 
xiphoid to compensate for positional changes resulting 
from body habitus. An initial section is obtained and 
viewed, and the level and number of additional sections 
is determined. The study is considered incomplete un- 
less the final section has been obtained caudad to the 
uncinate process of the pancreas. The sections are 
performed at 15 mm intervals to permit adequate evalu- 
ation of the pancreas. 

Gastrografin (1096) is administered 10-20 min prior to 
scanning to insure complete opacification of the duo- 
denum and proximal jejunum. Intravenous contrast ma- 
terial is not routinely administered when initial plain 
scans are normal, since no pancreatic tumors have been 
demonstrated following contrast infusion which were 
not previously identified on the plain scan. However, 
contrast material may be of value in the following special 
instances: (1) suspected islet cell tumor; (2) suspected 
dilatation of main pancreatic duct or intrapancreatic 
portion of common bile duct; (3) attempt to display 
thickened wall of a pseudocyst; and (4) suspected vis- 
ceral artery aneurysm simulating a pancreatic mass. 

If the pancreas is not satisfactorily visualized on initial 
supine sections, several contiguous right lateral decubi- 
tus views have been advocated [11]. These promote 
redistribution of contrast within the duodenum into a 
more favorable relationship to the pancreatic contours 
and allow the pancreas, stomach, and liver to separate 
as they shift anteriorly, thus displaying the pancreatic 
surfaces more clearly against retroperitoneal fat. How- 
ever, in our experience, this maneuver has proven of 
minimal additional value. 

Opacification of the stomach, duodenum, and jejunum 
with oral contrast material is crucial, particularly in the 
thin or debilitated patient in whom scanty retroperitoneal 
perivisceral fat eliminates the usual high contrast back- 
ground outlining the pancreatic contours. In such cases 
administration of oral contrast material for duodenal 
opacification permits inference of the pancreatic config- 
uration by its relation to the opacified bowel. Occasion- 
ally a delayed scan after ingestion of additional Gastro- 
grafin will clearly demonstrate the configuration of the 
pancreas when the initial scan is unsatisfactory. An 8 
mm collimator may rarely be of assistance, particularly 
in detection of pancreatic calcifications. 
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A significant area of potential error is in the tail of the 
pancreas, where a nonopacified gastric fundus or small 
bowel juxtaposed against pancreatic parenchyma may 
be mistaken for an abnormal mass. Only after opacifica- 
tion of the stomach and small intestine with oral contrast 
can the actual contour of the pancreas be appreciated. 


Liver 


Examination for suspected liver masses is initiated 3 
cm above the xiphoid process. Sections are made at 15 
mm intervals and the examination terminated when the 
lowest section demonstrates a clear right paracolic gut- 
ter without evidence of liver parenchyma. Oral contrast 
material is routinely administered in order to differentiate 
bowel from pathologic soft tissue masses in the porta 
hepatis and head of the pancreas. As noted earlier, plain 
scans should precede use of intravenous contrast mate- 
rial. 

As indicated above, interpretation of liver images 
viewed solely at wide window settings without varying 
window widths and levels occasionally causes false neg- 
ative examinations [9, 10]. Thus the need to administer 
intravenous contrast material may be obviated by simple 
narrowing of the window width and review of the scan at 
varying levels (fig. 4). This should be a routine proce- 
dure. 

The dome of the liver is an area where it is essential to 
look between and beyond artifacts secondary to trans- 
mitted cardiac pulsations in order to detect small lesions. 
Errors of omission can occur in the superior aspects of 
both right and left hepatic lobes. 


Jaundice 


In evaluating the patient with jaundice, scanning is 
initiated at the level of the xiphoid process. This permits 
visualization of a major portion of the liver parenchyma 
as well as the entire pancreas. The examination should 
be continued until the right paracolic gutter is visualized 
free of any remaining liver. The spacing between sec- 
tions is 15 mm in order to minimize the possibility of 
missing a lesion within the porta hepatis or pancreas 
which might be responsible for mechanical obstruction 
of the common bile duct. Oral contrast material is used 
to facilitate accurate identification of the pancreas and 
intestine near the porta hepatis. The theoretical possibil- 
ity of obscuring a small calcified common duct calculus 
by the contrast is appreciated; however, the advantages 
of defining the pancreatic head and structures within the 
porta hepatis are overriding. 

Intravenous contrast material should be administered 
if plain scans fail to disclose dilated bile ducts, since 
some instances of mild to moderate duct dilatation will 
not be evident until contrast enhancement of liver par- 
enchyma is carried out. Similarly, contrast material may 
aid in differentiation of dilated intrahepatic biliary ducts 
from hepatic and portal vessels, since the latter will 
enhance while the former will not [12]. Manipulation of 
window width and level improves definition and allows 
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Fig. 5.—Localization of vagina by insertion of vaginal tampon 
in 58-year-old female with stage Ill carcinoma of cervix. Air- 
containing interstices of tampon within distended vagina (arrow) 
are readily evident. Vaginal canal is retracted to right and soft 
tissue thickening of broad ligament and right pelvic side wall is 
also apparent. 


differentiation of perivascular fat investing the portal 
tracts from dilated intrahepatic bile ducts. Spasmolytic 
agents are useful to decrease motion artifacts in the 
pancreatic area. 


Retroperitoneum 


The examination is initiated at the level of the iliac 
crest, and sections are obtained at 20 mm intervals to 
the level of the aortic hiatus. This is usually sufficient to 
adequately evaluate the entire area of interest within the 
retroperitoneum [13, 14]. Special note should be made 
to evaluate the retrocrural nodal group superiorly [15]. 
When pelvic lymphadenopathy is also suspected, the 
sections are continued caudally to the symphysis pubis. 
Oral contrast material is essential to differentiate small 
bowel from retroperitoneal lymphadenopathy or other 
masses (fig. 1). Intravenous contrast material is generally 
not of additional value in establishing a diagnosis within 
the retroperitoneum. An exception would be the discov- 
ery of an unsuspected or complicated process involving 
the renal, adrenal, or periureteral region. On occasion, 
obtaining a delayed section will permit the Gastrografin 
to proceed more distally and permit differentiation of 
small bowel closely applied against the retroperitoneum 
from lymphadenopathy, especially if the retroperitoneum 
lacks abundant fat. When the adrenal glands or kidneys 
are the specific area of interest, scanning technique is 
appropriately modified. 


Pelvis 


Study of the pelvis is initiated at the symphysis pubis, 
and the final scan should reach the level of the iliac 
crest. A spacing of 20 mm is adequate for a complete 
examination in almost all cases. An important exception 
is evaluation of the prostate, which is begun at the base 
of the penis and scanned at 1.0 cm intervals superiorly 
for eight sections. Oral contrast material should be 
administered several hours prior to scanning in order to 
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Scanning Protocols 
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Thorax 


Retroperito- Palvis 


E ————————————————————————————————————————————— 


neum Thymoma NN 
Aortic hia- Iliac crest Sternal Sternal 
tus notch notch 
lliac crest Symphysis Carina Dome of 
liver 
20 20 15 15 
Yes Yes No Occasion- 
ally 
NO Yes NO No 
Yes No No No 
Delayed Hydration, Intravenous Intravenous 
sections spasmolytic contrast contrast 
agent 
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TABLE 1 
Pancreas Liver Jaundice 
Landmark: 
Superior ....Xiphoid 3 cm above Xiphoid 
xiphoid 
Inferior ...... Uncinate process  Pericolic gutter — Pericolic gut- 
ter 
Spacing (mm)...15 15 15 
Contrast: 
dr PEST TIT Yes Yes Yes 
Intravenous...Occasionally Yes Occasionally 
Spasmolytic 
agent ..... Yes No Yes 
Additional tech- 
niques ....Decubitus, de- Spasmolytic Intravenous 
layed sections, agent, decu- contrast, 
intravenous bitus decubitus 
contrast, 8 mm 
collimator 


I 


opacify the rectosigmoid in an antegrade fashion. If this 
is unsuccessful, a limited Gastrografin enema may be 
necessary. In either case, dilute Gastrografin should be 
administered 30-45 min before the examination to opa- 
cify the small bowel within the pelvis. Initially 300 ml of 
30% meglumine diatrizoate was administered to opacify 
the bladder in patients with suspected pelvic pathology. 
However, since small pelvic lesions may be obscured by 
a distended contrast-filled bladder, the volume of con- 
trast presently used has been reduced to 100 ml. A 
spasmolytic agent is not routinely administered. 

Special techniques which are occasionally useful in 
selected cases include negative (air) opacification of the 
vagina by insertion of a tampon [16] (fig. 5) and intraves- 
ical CO, instillation for staging carcinoma of the bladder 
[17]. In the latter technique, the high contrast resolution 
provided by the gas is supplemented by both prone and 
supine pelvic scanning to disclose pedunculated masses 
and extension of the tumor through the bladder wall and 
perivesical fat. 


Thorax 


Examination of the thorax can be most readily divided 
into two general types of problems: (1) suspected or 
known mediastinal mass or lymphadenopathy, and (2) 
search for peripheral pulmonary metastatic deposits. 

Evaluation of mediastinal masses requires individuali- 
zation with reference to area under investigation and the 
advisability of administering oral or intravascular con- 
trast material. For example, a search for a thymoma in a 
patient with myasthenia gravis is initiated at the sternal 
notch and is not terminated until the carina is visualized 
[18]. A spacing of 15 mm is adequate. There is no 
indication for oral contrast material or a spasmolytic 
agent, since the area of interest is the anterior medias- 
tinum. When the area under study is the middle or 
posterior mediastinum, dilute oral contrast material is 


used to identify the esophagus. Intravenous contrast 
material is rarely used, except if there is difficulty differ- 
entiating between a normal vascular structure and a 
suspected pathologic mass or to further analyze a sus- 
pected aneurysm [19]. 

Evaluation of a patient with pulmonary metastases is 
initiated at the level of the sternal notch. Examination is 
continued through the dome of the liver to include the 
deep aspects of the posterior costophrenic sulci. Sec- 
tions are obtained at contiguous 13 mm intervals. There 
is no indication for oral contrast material or a spasmoly- 
tic agent. Intravenous contrast material is occasionally 
of assistance in differentiating between a medially placed 
mass and pulmonary vessels. 


Extremities 


Examination of the appendicular skeleton for neoplas- 
tic, posttraumatic, or infectious disorders of bone and 
soft tissues requires considerable individualization of 
technique in accordance with the location, size, and 
position of the lesion. With lesions of the lower extremi- 
ties, it is often useful to include the opposite leg in the 
scan field for comparison. Lesions affecting the proximal 
humerus or shoulder girdle can often be best studied by 
inserting the limb in an abducted position into the 
scanning aperture. Section separation may vary from 
contiguous 1.0 cm sections to separations as wide as 2.5 
cm, but normal structures must be sectioned on either 
side of the lesion to properly assess its extent. lodinated 
contrast medium has not been used, but theoretically 
would be of value if a vascular tumor or anomaly is 
suspected. 


Conclusions 


There are four principal areas of consideration prior to 
the initiation of a body CT examination. A decision must 





SCANNING TECHNIQUES IN BODY CT 


be reached concerning the radiographic factors to be 
used, the technique for prescan localization, the need 
for oral and/or intravenous contrast material as well as 
other pharmacologic agents, and the appropriate patient 
position. Our current scanning protocols are summa- 
rized in table 1. However, flexibility in technique is 
essential and, as in all radiologic procedures, each 
examination must be conducted to provide the specific 
information posed by the clinical problem. In general, 
utilization of additional sections in difficult cases will 
often benefit. 

In computed body tomography with presently fixed 
photon flux, a 13 mm collimator seems preferable in 
virtually all situations thus far encountered. The spacing 
between sections and the number of sections to be 
obtained should be tailored by the radiologist with con- 
sideration for both radiation exposure and efficient use 
of the unit. For example, if a small lesion is anticipated 
and the region of interest is discrete, a decrease in 
spacing of sections is advisable. 

Prescan localization can be successfully acomplished 
in most situations by means of clinical history and 
external landmarks as outlined in the clinical protocols. 
The initial patient position in virtually all studies is 
supine; however, additional views may occasionally pro- 
vide important diagnostic information. 

Oral and intravenous contrast agents as well as spas- 
molytic drugs should be used judiciously. A knowledge 
of when these agents are most efficacious assists the 
radiologist in performing an expeditious examination 
with a minimum of false positive and false negative 
results. 

Adherence to these general principles and familiarity 
with specific clinical scanning techniques should permit 
optimal efficiency of the CT unit while maximizing the 
diagnostic accuracy of the examination. 
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Spontaneous Resolution of Colonic Strictures Caused by Necrotizing 
Enterocolitis: Therapeutic Implications 


INA L. D. TONKIN," ? JOHN C. BJELLAND,' TIM B. HUNTER,’ M. PAUL CAPP,’ HUGH FIROR ? AND 
RUFINO ERMOCILLA* 


Colonic strictures are now a well recognized complication 
in infants surviving necrotizing enterocolitis. We describe the 
clinical course of seven infants with colonic strictures after 
necrotizing enterocolitis. Only two demonstrated the finding 
of fixed fibrotic stricture described in the literature, while the 
remaining five showed atypical radiographic and pathologic 
features. Two of the five showed partial or spontaneous 
resolution of post-necrotizing enterocolitis colonic stenoses 
on follow-up barium enema studies. In three of four patients 
with colonic resections, the histopathologic examination re- 
vealed a surprising absence of irreversible fibrosis or cicatrix 
formation. Current surgical practice dictates elective resec- 
tion of these narrowed colonic segments. The radiologic and 
pathologic findings in our series of patients suggest surgical 
resection may be unnecessary in selected cases. 


During the past several years, numerous reports have 
confirmed an improved survival rate for neonates with 
necrotizing enterocolitis when early diagnosis is com- 
bined with intensive medical and surgical therapy [1-3]. 
With this improved survival has come an increasing 
awareness of a late complication, intestinal stricture 
formation [4-8]. In one of the larger series reported, 
eight of 43 infants surviving necrotizing enterocolitis 
(18%) later developed intestinal strictures [9]. 

The natural history and clinical significance of these 
strictures are not well understood. From July 1975 to 
July 1977 at the University of Arizona Health Sciences 
Center, we have studied seven infants with colonic 
strictures following necrotizing enterocolitis. The radio- 
graphic progression and pathologic findings in these 
babies serve as the basis for this report. 


Case Reports 
Strictures after Nonsurgical Therapy 


Case 1. C. L., a 2,800 g white female born to a class C 
diabetic mother, developed abdominal distension and Hemocult 
positive stools at age 2 days. Radiographic evaluation revealed 
pneumatosis intestinalis involving the splenic flexure and de- 
scending colon. She was treated medically, and oral feedings 
were resumed after 10 days of therapy. On day 30 the infant 
became distended. Barium enema examination showed a 
single stricture of the descending colon (fig. 1A). She was 
placed on conservative dietary therapy and remained asympto- 
matic. Barium enema study 1 year later was normal in an 
asymptomatic, growing child (figs. 1B and 1C). 
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Case 2. Placenta previa and shock complicated the birth of 
this 2,430 g white female (J. M.) delivered by cesarean section. 
On day 3, the mother noted that the baby had abdominal 
distension after feeding. Abdominal radiographs showed nec- 
rotizing enterocolitis with extensive intramural air and portal 
venous gas. Medical therapy included parenteral antibiotics. 
However, at age 29 days the infant became distended. Barium 
enema examination showed at least three post-necrotizing 
enterocolitis colonic strictures (fig. 2A). She was treated with 
conservative dietary therapy of low residue diet with progres- 
Sion to normal diet for age. Barium enema study at age 5 
months showed improvement in the colonic stenoses (figs. 2B 
and 2C). 

Case 3. G. L., a 4,205 g Indian female, was delivered vagi- 
nally after a 37 week gestation. Her mother was a class A 
diabetic, and an umbilical venous catheter was inserted for a 
few hours to treat the infant's hypoglycemia. At age 25 hr, the 
infant's abdomen became tense and distended, and she regur- 
gitated several feedings. Abdominal radiographs demonstrated 
intramural gas, portal venous gas, and bowel distension. She 
was placed on intravenous antibiotics and hyperalimentation. 
By day 11 oral feeding was attempted but not tolerated, with 
signs of intestinal obstruction. Barium enema examination 
showed multiple colonic strictures (fig. 3A). A colostomy was 
performed at age 1 month; the strictured areas were resected at 
age 3 months. The child is alive and well. 


Strictures after Proximal Diversion 


Four infants required initial surgical management of necrotiz- 
ing enterocolitis with exteriorization of the perforated segments 
and ileostomy or colostomy construction. In these infants, 
intestinal strictures were diagnosed during retrograde barium 
studies prior to intestinal reanastomosis. 

Case 4. J. S., a 2,535 g white male was born after a 39 week 
gestation. He developed abdominal distension with bloody 
stools at age 1 day and was placed on a necrotizing enterocolitis 
protocol. Despite aggressive medical management, intestinal 
perforation occurred within 48 hr. At emergency laporatomy a 
perforated ileum was oversewn and an ileostomy and mucous 
fistula were constructed. At age 4 months, barium enema 
examination showed a stricture of the mid descending colon 
(fig. 4A) which did not change after administration of glucagon. 
The stricture of the descending colon was resected with an end- 
to-end anastomosis, and the ileostomy was subsequently 
closed. The postoperative course was complicated by Sepsis, 
peritonitis, bronchopneumonia, and intestinal adhesions re- 
quiring resection of a portion of distal jejunum and proximal 
ileum. The infant died 24 days later. 
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Fig. 1.—Case 1. A, Colonic stricture (arrow) of descending colon diagnosed at age 1 month. B, Barium enema at age 1 year showing spontaneous 
resolution of post-necrotizing enterocolitis colonic stricture. C, Normal postevacuation film at age 1 year. 





Fig. 2.—Case 2. A, Multiple colonic strictures of descending colon 3 weeks after acute necrotizing enterocolitis. B, Barium enema 5 mo 
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showing marked improvement with residual stenoses of colon in thriving infant. C. Postevacuation film showing little retention of barium. 


Case 5. O. B., a2-week-old 879 g female (26 week gestation), 
was recovering from respiratory distress syndrome when she 
developed abdominal distension and Hemocult positive stools. 
She was placed on medical regimen for necrotizing enterocoli- 
tis. On day 30, at the beginning of oral feedings, signs of 


intestinal obstruction developed. Barium enema examination 
showed a stenotic lesion at the splenic flexure (fig. 5A); the 
lesion remained unchanged after an intramuscular injection of 
.5 mg of glucagon. A left transverse colostomy was performed. 
At age 9 months, the colostomy was electively taken down with 





nths later 
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resection of the stricture just distal to the colostomy site. The 
infant is alive and well. 

Case 6. R. D., a 17-month-old Latin American male, was seen 
because of failure to thrive. A distal sigmoid colon stricture was 
noted on barium enema examination. He was a premature infant 
with necrotizing enterocolitis requiring a colostomy. The post- 
operative course was complicated by colonic stenosis and 
abscesses requiring the resection of a large portion of the left 
colon. The distal colonic stricture was resected at our institu- 
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Fig. 3. —Case 3. A, Multiple colonic strictures (arrows) in infant with 
vomiting and symptoms of intestinal obstruction. B, Photomicrograph 
(x32) of resected transverse colonic stricture. Note intraluminal obliter- 
ation with loss of normal colonic mucosa and granulation tissue (G). 
Section is typical of histologic specimens previously demonstrated in 
literature. Note variation between this and subsequent photomicro- 
graphs. 





Fig. 4.—Case 4. A, Single stricture of descending colon (arrow) on 
routine barium enema performed prior to colostomy/ileostomy "take 
down" procedure. B, Photomicrograph (x25) of transverse section 
through colonic stenosis showing focal ulceration of mucosa (M), edema 
of submucosa (SM), normal muscularis (MUS), but no significant fibrosis. 


tion, and a Duhamel procedure was performed. When dis- 
charged, the patient was in the fiftieth percentile for height and 
weight. 

Case 7. O. D., a 194475 g male with trisomy 21, had mild 
respiratory distress syndrome at birth (32 week gestation). At 
age 6 days he developed abdominal distension and bloody 
diarrhea. Abdominal radiography showed a pneumoperitoneum 
with intramural air and portal venous gas. At emergency lapa- 
rotomy, necrotic ileum was resected and an ileostomy con- 
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structed. Barium enema study at age 4'/» months showed 
complete obstruction of the mid descending colon due to post- 
necrotizing enterocolitis colonic structure. At age 10 months, 
an end-to-side ileosigmoidostomy was created and the stricture 
was not resected. The infant is alive and well. 


Radiographic Findings 


In six of the seven infants, necrotizing enterocolitis 
was diagnosed radiographically by the typical appear- 
ance of intestinal distension and colonic pneumatoses. 
Portal venous gas was also seen in three cases. 

All three cases with strictures after nonsurgical therapy 
developed problems with alimentation by age 1 month 
and showed single or multiple colonic strictures on 
barium enema examinations (figs. 1A, 2A, and 3A). Cases 
1 and 2 underwent conservative dietary treatment with 
initial peripheral hyperalimentation, then low residue 
diet, progressing gradually to normal diet for age. The 
follow-up barium enema study in both cases demon- 
strated definite improvement in the appearance of the 
colonic stenoses (figs. 1B and 2B) with little retention of 
barium on the postevacuation radiographs (figs. 1C and 
2C). 


e 
Pathologic Findings 


Case 3 has been previously reported [10]. Grossly, the 
long stricture in the transverse colon in this case showed 
intraluminal obliteration. Microscopic examination (fig. 
3B) revealed loss of normal colonic mucosa with granu- 





Fig. 5.— Case 5. A, Radiologically significant post-necrotizing entero- 
colitis stricture of descending colon (arrow) on retrograde barium study 
prior to intestinal reanastomosis. B, Photomicrograph (x25) of trans- 
verse section through colonic stricture showing normal mucosa (M). 
There is minimal fibrosis of submucosa (SM) with normal muscularis 
(MUS) and no evidence of obstructing fibrosis or granulation tissue. 


lation tissue and fibrosis. This histologic pattern is con- 
sistent with that described in the literature in resected 
post-necrotizing enterocolitis colonic strictures [3, 4, 8- 
11]. 

However, three of the four infants who underwent 
surgery with stricture resection demonstrated pathologic 
features at variance with this typical pattern. The barium 
enema study of case 4 showed a solitary stricture of the 
descending colon (fig. 4A). Although the resected colon 
specimen was grossly narrowed, the histopathology re- 
vealed focal superficial ulceration of the mucosa, edema 
of the submucosa, and no significant fibrosis (fig. 4B). 

Case 5 also demonstrated a similar radiographic-path- 
ologic correlation with a stricture of the descending 
colon and minimal fibrosis of the submucosa on micro- 
scopic examination (figs. 5A and 5B). The microscopic 
pathology of case 6 also showed no significant obstruct- 
ing fibrosis. The pathology of case 7 is not available 
since the stricture was not resected. However, with the 
demonstration of colonic obstruction by barium enema 
study, it is assumed this patient had a fibrotic stricture. 
The histopathology in all cases was reviewed by pathol- 
ogists from two institutions with concurrence on the 
findings. 


Discussion 


The pathogenesis of necrotizing enterocolitis is not 
well understood, but hypoxia or nonocclusive small 
vessel ischemia is presumed to play a significant role [3]. 
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Other causes of bowel ischemia and possible resulting 
stricture formation include sepsis, dehydration, midgut 
volvulus, and complications from trauma, surgery, or 
umbilical catheter use [12]. The strictures resulting from 
ischemic bowel injury usually develop only a few weeks 
after recovery from the acute insult [1, 7, 9]. As more 
cases of necrotizing enterocolitis are diagnosed and 
successfully treated, this complication will be seen more 
frequently. 

The bowel reacts in three basic ways to occlusive or 
nonocclusive vascular insult. According to Marston et al. 
[13], the three forms of ischemic colitis are gangrenous, 
stricturing, and transient. An injured portion of bowel 
can become totally necrotic with secondary perforation; 
if the insult is less severe, the bowel can heal without 
perforation, but with fibrosis and stricture formation. In 
some cases the injury may only be transient, allowing the 
bowel to heal completely and regain normal function. 
Healing with stricture formation is uniformly accompa- 
nied by scarring with microscopic granulation tissue and 
fibrosis. 

All three types of ischemic colitis are represented in 
our series. Why little or no fibrosis was seen in three of 
the four resected colon strictures is not known. All 
resections were performed well beyond the usual 3 week 
period recognized as sufficient for wound healing. This 
suggests an intermediate stage of healing in the neonate, 
which is not a new concept. In a review of ischemic 
bowel disease in the newborn, DeSa [14] suggested an 
incomplete phase of regeneration in the ischemic bowel 
which falls short of stenosis, but results in a dysfunc- 
tional mucosa. Perhaps in the newborn, the magnitude 
of regenerative capabilities make a simple classification 
difficult, since clearly a persistent colonic stenosis does 
not necessarily correlate with irreversible fibrosis and 
cicatrix formation as is generally assumed. 

The current approach in infants with post-necrotizing 
enterocolitis colonic strictures is surgical resection [2, 4, 
9]. At least two infants with colonic strictures who were 
managed without resection have been described [9, 15]. 
We add two more medically managed colonic stenoses 
to this group from our series (cases 1 and 2). Our 
experience with post-necrotizing enterocolitis colonic 
strictures suggests that in selected cases conservative 
management, consisting of hyperalimentation, low resi- 
due diet, and a gradual progression to normal diet, is 
indicated. 

Currently, colonic strictures developing in infants who 
require surgical treatment for complications of necrotiz- 
ing enterocolitis are resected at the time of colostomy/ 
ileostomy "take down." Our pathologic findings in cases 
4-6 (patients with strictures after proximal diversion) 
indicate that these areas of narrowing on barium enema 
examination may be nonobstructing stenoses. Each pa- 
tient should be considered individually. When the stric- 
ture is in close proximity to the colostomy/ileostomy 
site, resection is probably warranted. If surgical difficul- 


ties are anticipated (e.g., case 4), it may be safer to 
perform a two step operation with initial resection of the 
stricture and subsequent ileostomy closure. If the ste- 
notic lesion is short with minimal narrowing, it may not 
require resection. However, there are insufficient data or 
experience to advocate nonresection of these colonic 
stenoses in patients who developed strictures after prox- 
imal diversion. The radiologic and pathologic findings in 
our series emphasize the need for reevaluation of the 
Clinical significance and therapeutic implications of co- 
lonic strictures recognized in infants surviving necrotiz- 
ing enterocolitis. 
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Ultrasonic Detection of Renal Tumor Extension into the 
Inferior Vena Cava 


HARVEY M. GOLDSTEIN,' BARRY GREEN, AND RALPH M. WEAVER, JR. 


Five cases of extension of renal carcinoma into the inferior 
vena cava were detected using gray scale ultrasonography. 
Two different ultrasonographic appearances reflecting the 
intracaval tumor were observed. Four patients had one or two 
intraluminal echogenic nodules or thrombi, and the fifth case 
manifested generalized caval dilatation with innumerable dif- 
fuse low amplitude echoes emanating from the lumen. The 
role of ultrasonography in the complete evaluation of the 
patient with renal carcinoma is discussed, and the ultrasono- 
graphic features of intracaval tumor are demonstrated. 


Ultrasonography is an accepted method in the evaluation 
of renal masses. Although ultrasonography accurately 
differentiates cystic from solid lesions, little attention 
has been focused on its value in the assessment of 
extent of disease once a solid renal mass is diagnosed. 
This communication presents our experience with five 
cases of renal carcinoma extending into the inferior vena 
cava diagnosed by ultrasonography. 


Case Reports 
Case 1 


A 50-year-old male was referred for evaluation of an unknown 
primary carcinoma. Isotopic liver scan showed multiple cold 
areas in both lobes of the liver consistent with metastatic 
disease. Excretory urography revealed an enlarged left kidney 
with distortion of the normal intrarenal collecting structures. 
Ultrasonography detected a solid mass in the left kidney. Fur- 
ther examination demonstrated a well defined nodule and an 
elongated tumor thrombus within the lumen of the inferior vena 
cava at the level of the renal mass (fig. 1A). Angiographic 
examination confirmed a malignant tumor infiltrating the left 
kidney with occlusion of the left renal vein and extension of 
tumor into the vena cava (fig. 1B). Because of extensive meta- 
static disease, the patient did not undergo surgery and was 
placed on chemotherapy. He expired several months later. 


Case 2 


A 68-year-old male was referred for evaluation and treatment 
of a left renal carcinoma demonstrated by arteriography at the 
referring hospital. Ultrasonography confirmed a tumor in the 
left kidney. In addition, there were several large solid tumor 
deposits within the inferior vena cava (fig. 2). Inferior venaca- 
vography was not performed. Because of pulmonary metas- 
tases, the patient was placed on chemotherapy but subse- 
quently expired. 


Case 3 


A 67-year-old male was referred for evaluation of persistent 
nocturia and hematuria following prostatectomy. Excretory 
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urography revealed an enlarged nonfunctioning right kidney. 
Retrograde pyelography demonstrated a hydronephrotic upper 
collecting system with a mass in the lower pole of the right 
kidney. Ultrasonography showed the mass to be solid. The 
inferior vena cava was distended and there were multiple diffuse 
echoes within the lumen representing intracaval tumor and/or 
clot (figs. 3A and 3B). Angiography demonstrated a malignant 
right renal tumor with complete occlusion of the inferior vena 
cava (fig. 3C). Right radical nephrectomy with en bloc resection 
of the vena cava confirmed large hypernephroma with massive 
neoplastic extension into the inferior vena cava (fig. 3D). Pul- 
monary metastases have developed and the patient is being 
followed. 


Case 4 


A 17-year-old male was transferred for evaluation and treat- 
ment of a left renal mass demonstrated by excretory urography. 
Ultrasonography and arteriography confirmed the presence of a 
left upper pole tumor. A single discrete echogenic tumor nodule 
was demonstrated by ultrasonography within the inferior vena 
cava at the level of the left renal vein. No other metastases were 
discovered on the preoperative evaluation. A left nephrectomy, 
resection of adjacent nodal disease, and a caval thrombectomy 
were performed. Pathologic diagnosis was adolescent Wilms' 
tumor. The patient is alive and doing well on chemotherapy 8 
months after surgery. 


Case 5 


A 41-year-old male was seen for evaluation and therapy of a 
right renal cell carcinoma with known pulmonary metastases. 
Ultrasonography demonstrated the solid renal mass and a 
solitary tumor nodule in the inferior vena cava. Arteriography 
showed the mass to be hypervascular and confirmed extension 
into the vena cava. There were also multiple hypervascular liver 
metastases. The patient was started on chemotherapy and 
discharged. There has been no follow-up after 3 months. 


Discussion 


Renal tumor extension into the ipsilateral renal vein 
and inferior vena cava is reported to occur in 995-3396 of 
cases with malignant renal neoplasms [1, 2]. The pres- 
ence of renal tumor extension into the inferior vena cava 
adversely affects the prognosis [3]. and its discovery is 
critical to patient management. The presence or absence 
of tumor within the inferior vena cava is one of the major 
factors in determining whether surgical extirpation 
should be attempted [4]. Recently, radical en bloc infe- 
rior vena cava resections have been performed in se- 
lected patients [5]. 

To our knowledge eonly one previous case of intracaval 
tumor extension demonstrated by ultrasonography has 
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Fig. 1.—Case 1. A, Longitudinal supine sonogram 3 cm right of 
midline demonstrating one echogenic nodule (closed arrow) and larger 
elongated thrombus (open arrows), both representing renal tumor exten- 
sion within nondilated inferior vena cava. L - liver. B, Inferior venacavo- 
gram confirming presence of tumor thrombus (arrows) projecting from 
left renal vein, corresponding to sonographic findings. 
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Fig. 2.—Case 2. A, Oblique longitudinal supine sonogram through inferior vena cava demonstrating two well defined echogenic tumor nodules 
(arrows). Note foca! dilatation of vena cava at site of larger tumor thrombus. B, Transverse supine sonogram through large left renal mass (M) 


demonstrating tumor nodule (arrow) within inferior vena cava. 


been reported in the English language literature. This 
case was examined using bistable equipment and dem- 
onstrated widening of the inferior vena cava with several 
scattered internal echoes [6]. In our group of patients, 
two ultrasonic appearances were observed. In four pa- 
tients, one or two discrete echogenic nodules or thrombi 
within the lumen of the inferior vena cava were seen with 
or without focal dilatation. In the fifth case, the inferior 
vena cava was generally distended and entirely filled 
with diffuse fine echoes. In our five cases, the origin of 
the intracaval neoplasm back to the renal vein was not 
demonstrated. 


The role of ultrasonography in the evaluation of renal 
neoplasms should be expanded. In addition to the char- 
acterization of the renal mass itself, ultrasonography is 
useful in assessing the extent of disease. As demon- 
strated with our cases, extension into the inferior vena 
cava may be readily evaluated. Similarly, the presence of 
retroperitoneal nodal involvement and hepatic metas- 
tases may also be ascertained. 
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Fig. 3.— Case 3. A, Longitudinal supine sonogram just right of midline showing distended inferior vena cava (arrows) containing diffuse distribution 
of echoes indicative of vena cava lumen filled with tumor and/or clot. No well defined tumor nodules are identified. B, Transverse supine sonogram 
through superior portion of right renal mass (M) demonstrating widened inferior vena cava (arrows) containing multiple internal echoes. C, Inferior 
venacavogram demonstrating complete occlusion of inferior vena cava at its origin, with collateral flow through paravertebral veins. D. Pathologic 
specimen demonstrating renal mass (M) and tumor thrombus filling dilated inferior vena cava (arrows). 
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Replacement Lipomatosis of the Kidney 


MARJORIE A. AMBOS,' MORTON A. BOSNIAK,' RICHARD GORDON? AND MANUEL A. MADAYAG' 


Replacement lipomatosis and renal sinus lipomatosis are 
parts of a spectrum of fatty replacement of destroyed or 
atrophic renal tissue. When long-standing inflammation exists 
in a kidney, especially with calculus disease, replacement 
lipomatosis may be the end result. Awareness of this process 
along with the specific radiologic findings will allow a correct 
preoperative diagnosis. 


Renal sinus lipomatosis (also referred to as fibrolipoma- 
tosis and as replacement lipomatosis) is commonly seen 
in the kidneys of older patients and is well known to 
most radiologists. However, what is not generally appre- 
ciated is that renal sinus lipomatosis is the minimal form 
of a spectrum of changes in the kidney associated with 
increased amounts of renal sinus, perihilar, and peri- 
renal fat. The most marked form is a relatively rare 
process known as replacement lipomatosis in which 
there is so much loss of renal parenchyma that the entire 
kidney is replaced by adipose tissue. While this entity is 
well known to pathologists, the radiologic literature 
contains few references to it. We review the findings in 
replacement lipomatosis and illustrate its radiographic 
picture with four cases. 


Case Reports 
Case 1 


This 72-year-old male was admitted to the hospital with gross 
hematuria. Prior history was unremarkable. On rectal examina- 
tion an enlarged prostate was palpated. As part of the intrave- 
nous urogram the preliminary film of the abdomen showed an 
area of lucency in the region of the right kidney. After injection 
of contrast media, marked atrophy of the parenchyma of the 
lower pole of the right kidney with fatty replacement was noted 
(fig. 1). An angiogram revealed fine irregular vessels, consistent 
with chronic inflammation at the lower pole. Since hematuria 
was felt to be secondary to prostatic disease and the angiogram 
was consistent with chronic infection, surgery was not per- 
formed. 


Case 2 


This 66-year-old female was admitted to the hospital with a 3 
week history of fever and chills. A left staghorn calculus had 
been removed 21 years earlier. An abdominal radiograph dem- 
onstrated increased lucency and a calculus in the region of the 
right kidney (fig. 2A). This kidney did not visualize during 
urography. 

The right kidney was removed, and pathologic examination 
showed marked atrophy of renal tissue with abundant fibroadi- 
pose tissue as well as increased fibroadipose tissue surrounding 
the kidney (fig. 2B). Microscopic examination revealed diffuse 
fibroadipose tissue with lymphocytes and inflammatory cells. 
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Case 3 


This 53-year-old male had been followed in clinic for many 
years for multiple renal calculi. He was admitted to the hospital 
because of a right flank mass. A plain film of the abdomen 
demonstrated a soft tissue mass in the region of the right kidney 
as well as three right renal calculi (fig. 3A). The right kidney did 
not visualize on urography. A right retrograde study demon- 
strated the calculi and stretching of the infundibular structures 
(fig. 3B). Angiography showed atrophy of right intrarenal arter- 
ies with stretching over a relatively lucent area in the central 
portion of the kidney (figs. 3C and 3D). 

The right kidney was removed and the cortex found to be 
markedly atrophied. The bulk of the mass was made up of 
fibroadipose tissue (fig. 3E). Microscopically, chronic inflam- 
mation was observed in the perirenal tissues. 


Case 4 


This 90-year-old male was admitted to the hospital with acute 
urinary retention. Past history and physical examination were 
noncontributory. An abdominal radiograph demonstrated a 
right renal staghorn calculus with a reniform lucency surround- 
ing it (fig. 4). Intravenous urography revealed a nonfunctioning 
right kidney. A colonic carcinoma was discovered during hos- 
pitalization and surgery performed. The patient expired from 
postoperative complications. 

At autopsy the right renal cortex was found to be only 2 mm 
thick. A staghorn calculus filled the collecting system. The 
region between the calculus and the cortex was filled with 
abundant fibroadipose tissue, and similar tissue surrounded the 
kidney. 


Discussion 


The terms fibrolipomatosis, replacement lipomatosis, 
and renal sinus lipomatosis have all been used inter- 
changeably to denote a condition of varying severity in 
which normal renal sinus and perirenal fat increases in 
amount and replaces renal parenchyma [1, 2]. Actually 
these terms represent a spectrum of changes due to one 
basic process: an increase in fatty tissue in and about 
the kidney associated with renal atrophy or destruction 
[3]. We use the term renal sinus lipomatosis for the 
mildest and most common form which usually occurs in 
the sixth or seventh decade as normal renal parenchyma 
atrophies (senile atrophy). In this instance the fibroadi- 
pose tissue which normally surrounds the pelvis and 
calyces increases as more space is available due to renal 
tissue atrophy. We have seen this most prominently in 
male patients with long-standing prostatism, even with- 
out clearcut obstructive atrophy. This mild form is of no 
clinical importance. t is a common autopsy finding, and 
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Fig. 1.— Case 1, localized replacement lipomatosis. Nephrotomogram 
of right kidney showing increased lucency and splayed infundibula 
suggestive of mass in lower pole of kidney. Note blunted calyces and 
marked cortical scarring. Subsequent angiogram demonstrated avascu- 
lar mass with some inflammatory vessels. Findings are consistent with 
chronic pyelonephritis, parenchymal atrophy, and localized replacement 
lipomatosis. 








pathologists usually do not comment on it in describing 
the kidneys. However, it is of some importance to radiol- 
ogists since it may simulate a renal mass. Radiographi- 
cally, renal sinus lipomatosis is seen as increased lu- 
cency in the renal sinus with stretching of the infundibula 
structures secondary to the increase in the fat surround- 
ing them [1, 4-6] (fig. 5A). With increasing knowledge of 
this characteristic appearance, differentiation from a 
mass has become less of a problem. With computed 
tomography, fatty deposits can be easily identified so 
that even difficult cases can be clearly defined (fig. 5B). 

At the other end of the spectrum of this process are 
the few patients in whom the renal parenchyma has 
almost entirely been destroyed, usually due to infections 
and calculus disease. In this situation, the destroyed 
renal mass is gradually replaced by fatty tissue (i.e., 
repalcement lipomatosis) [3]. Since this is a part of the 
same process, intermediate cases exist between the 
minimal increased renal sinus fat or renal sinus lipoma- 
tosis and the extreme changes in replacement lipomato- 
sis. These intermediate forms will demonstrate varying 
degrees of fatty replacement, and often develop in kid- 
neys with focal loss of renal parenchyma (fig. 1). 

The renal sinus is that potential space between the 
parenchyma and the collecting system structures. It is a 
bed of fatty tissue through which course the renal arter- 
ies, veins, and lymphatics. It is in direct continuity with 
both the hilum of the kidney and the perirenal fat [2, 7, 
8]. This relationship is nicely demonstrated in cases of 
acute obstruction with rupture of a calyceal fornix where 
extravasated contrast is first seen in the renal sinus and 
then drains out of the kidney through the hilum to the 
perirenal space. 

An increase in the normal amount of renal sinus fat 
occurs in obesity, renal atrophy of varying causes (e.g.. 


Fig. 2.—Case 2, replacement lipomatosis with infection. A, Plain film of 
the abdomen showing calculus in area of right kidney but no clear renal 
outline. Note areas of increased lucency (arrows) in periphery of renal 
density. Nephrectomy was performed. B, Bivalved right kidney specimen 
showing fatty replacement of all but thin rim of renal parenchyma. Abundant 
perirenal fat is also present. Arrow points to calculus in renal pelvis. 








Fig. 3. —Case 3, replacement lipomatosis. A, Plain film of abdomen showing three renal calculi and suggestion of mass (arrows). Right kidney did 
not function during intravenous urography. B, Right retrograde pyelogram showing one calculus as filling defect (arrow). Larger calculus occupies 
renal pelvis and is obscured by contrast medium. Infundibula are stretched and splayed about relatively lucent areas. Calyces are dilated. C, Selective 
right renal angiogram, arterial phase, showing atrophic intrarenal vessels markedly stretched and displaced by increased renal sinus fat. Arterial tree is 
pruned particularly in lower two-thirds of kidney. No neovascularity is present. Prominent ureteric artery courses inferiorly. D, Selective right renal 
angiogram, nephrogram phase, showing rim of renal parenchyma (arrows) surrounding large avascular relatively lucent mass occupying central portion 
of kidney. E, Gross pathologic specimen of right kidney showing large amount of fat replacing most of renal parenchyma. Thin rim of cortex does 
remain, particularly in upper pole where some hydronephrotic calyces are seen. Note pelvic calculus (arrow). 


aging and atherosclerosis), and cases of inflammation 
with destruction of renal tissue. Except in obesity, the 
increase in fat is associated with a loss of renal paren- 
chyma. This process is not specific to the kidney but 
occurs in any organ which atrophies, such as the thymus 
or senile pancreas [1, 3, 9, 10]. While the slight increase 
in fat in renal sinus lipomatosis can be secondary to 
obesity, mild atrophy, or infection, the severe loss of 
parenchyma with massive fat deposition that occurs in 


replacement lipomatosis is always associated with long- 
standing inflammation and calculi. In two series of re- 
placement lipomatosis, calculi were present in 79% and 
76% of the cases, respectively [11, 12]. 

The severe form ofethis condition is usually diagnosed 
by the pathologist either at autopsy or following ne- 
phrectomy. Pathologically, the kidney is a mass of hyper- 
plastic fat. When the specimen is opened, only a thin rim 
or shell of atrophied renal parenchyma is found, with the 
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Fig. 4.—Case 4, replacement lipomatosis. Abdominal film showing 
large staghorn calculus filling right renal collecting system. Zone of 
lucency surrounding calculus represents fat which has replaced entire 
renal parenchyma. Patient subsequently expired from cardiac disease; at 
autopsy, large staghorn calculus was present with paper-thin rim of renal 
parenchyma surrounding mass of fat. 
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bulk of the renal mass being made up of perirenal and 
renal sinus fatty tissue (figs. 2E and 3B). Varying degrees 
of hydronephrosis or pyonephrosis may be pres- 
ent, and calculi (frequently staghorn) are usually found. 
The reniform shape of the kidney is usually maintained. 
The fat cells making up the lipomatosis mass are ex- 
tremely large. Along with the fat are nests of chronic 
inflammatory cells [11, 13-15]. The fat does not permeate 
the parenchyma but merely develops adjacent to it as it 
atrophies [3]. This process is distinct from true lipomas 
which are found within the parenchyma. 

While xanthogranulomatous pyelonephritis may also 
occur in a chronically obstructed kidney, it is pathologi- 
cally distinct from replacement lipomatosis. In xantho- 
granulomatous pyelonephritis there is increased lipid 
within cells in the renal parenchyma. Lipid-laden macro- 
phages (foam cells) actually infiltrate the interstitium of 
the kidney, whereas in replacement lipomatosis the fat 
cells remain outside of the atrophying renal parenchyma 
[16]. Why replacement lipomatosis occurs so rarely even 
in cases of severe infection and parenchymal destruction 
is not understood [10]. 

The radiographic features of replacement lipomatosis 
may vary. Renal calculi are often present, and sometimes 
increased lucency in the area of the kidney due to 
increased amounts of fat may be recognized [8] (fig. 2A). 
This lucency replacing the normal water density of the 
kidney is the only specific radiographic change in re- 
placement lipomatosis. In some cases the fat may not be 
radiographically apparent, especially if a large amount 
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Fig. 5. — Renal sinus lipomatosis. A, Tomogram of left kidney during urography showing lucency in peripelvic portion of kidney 
caused by increased renal sinus fat. Fat extends around infundibula, splaying and stretching them. B, CT scan with intravenous 
contrast material showing increased lucency in peripelvic regions of both kidneys, somewhat more prominent on left. Lucency of 


fat is in sharp contrast to greater density of renal parenchyma. 
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of fibrous tissue is associated with it, and a mass effect 
results (fig. 3A). As should be expected with marked loss 
of parenchyma, there is no renal function so there is 
nonvisualization during urography [12]. In such cases a 
retrograde pyelogram demonstrates the stretched infun- 
dibula so characteristic of renal sinus lipomatosis as 
seen in cases of lesser amounts of fatty replacement (fig. 
3B). If angiography is performed, stretching of the intra- 
renal arteries over the mass of renal sinus fat and atrophy 
of the vessels with loss of side branches is apparent 
(figs. 3C and 3D). Tumor vascularity is not present, but 
some hyperemia may be seen if infection is still present 
[2]. The radiologic finding of a lucent mass surrounding 
a staghorn calculus with a nonfunctioning kidney is 
pathognomonic of replacement lipomatosis (fig. 4). Xan- 
thogranulomatous pyelonephritis might give a similar 
radiographic appearance, but the amount of visualized 
fat will not be as great and angiography will demonstrate 
more vascularity and staining. The combination of clini- 
cal evaluation, urography, and angiography should per- 
mit the recognition of replacement lipomatosis in most 
cases. Computed tomography may be especially helpful 
since it is able to clearly identify fat density. 
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Ectopic Vas Deferens: A Report of Two Cases and Review of the 
Literature 


SOROOSH MAHBOUBI' AND THOMAS J. SPACKMAN' 


Two new cases of ectopia of the urethral end of the vas are 
described, and six cases reported since 1949 are reviewed. 
Most cases had associated urinary tract abnormalities, often 
anomalies of renal position, and imperforate anus was the 
most frequent gastrointestinal anomaly. The most productive 
mode of radiologic evaluation was voiding cystourethrog- 
raphy. The two types of insertion and the associated urinary 
and gastrointestinal anomalies are analyzed on the basis of 
embryologic development. 


Since 1949, six cases of ectopia of the urethral end of 
the vas have been reported. We describe the clinical and 
radiographic findings in two additional cases and review 
the previous cases. Pertinent embryology is discussed. 


Case Reports 
Case 1 


A 3.3 kg male infant was born following an uneventful 
pregnancy and delivery. He was transferred to Children's Hos- 
pital of Philadelphia 24 hr after birth for evaluation of imperfor- 
ate anus. There was no perineal fistula, and meconium was 
found in the urine. During voiding the left side of the scrotum 
became transiently distended. 

Laboratory findings included normal levels of blood urea 
nitrogen, creatinine, and glucose. Urinalysis showed a pH of 5 
and specific gravity of 1.024; tests for sugar, protein, and 


ketones were negative. There were between five and eight red 
blood cells and one to two white blood cells per high power 
field. 

Radiography showed gaseous distension of bowel loops but 
no gas below the level of the lumbosacral junction. Sacrococ- 
cygeal hypoplasia was evident. A retrograde urethrogram and 
cystogram demonstrated the connection to the distal rectal 
pouch and produced reflux filling of both vasa deferens. Both 
vasa communicated with the bladder directly (fig. 1). 

Cystoscopy before the surgical procedure showed the pres- 
ence of a rectourethral fistula in the posterior urethra and also 
demonstrated the opening of both vasa into the bladder. At 
abdominal exploration the rectourethral fistula could be clearly 
identified; the connection was transected, and the supralevator 
imperforate anus was repaired by Rehbein pull-through proce- 
dure. The distended left vas deferens was seen to enter the 
bladder. The testicular end of the left vas entered the deep 
inguinal ring, and these structures were left intact. 


Case 2 


A 1-year-old white male was initially seen at Children's Hos- 
pital of Philadelphia at age 3 weeks with a posterior laryngeal 
cleft communicating with the proximal esophagus. Though 
primary repair of the cleft was followed by multiple problems 
requiring prolonged hospitalization, his long term prognosis is 
thought to be favorable. Radiologic investigation of the urinary 
tract was performed for urinary tract infection. Blood urea 





Fig. 1. —Case 1. A, Both vasa filled with contrast material after cystography and partial voiding. Testicular end of distended left vas is filled down to 
scrotum. B, Rectal distention secondary to imperforate anus. Faint streak behind posterior urethra gS rectourethral fistula. Large left vas enters 


posterior portion of bladder. 
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nitrogen was 23 mg/dl. Urinalysis showed a pH of 6 and specific 
gravity of 1.019; tests for sugar, protein, and ketones were 
negative. There were two to three red blood cells and one white 
blood cell per high power field. 

Cystography demonstrated left vesicoureteral reflux and re- 
flux filling of the left vas deferens which inserted ectopically in 
the bladder (fig. 2). Excretory urography showed pelvic ectopy 
of the right kidney and persistent opacification of the left vas, 
but was otherwise unremarkable. Cystoscopy confirmed the 





Fig. 2.— Case 2. Late film during voiding cystography showing reflux 
filling of left ureter and left vas deferens. 
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ectopic communication of the left vas with the bladder. No 
surgery was performed. 


Discussion 


In the developing embryo the Wolffian ducts connect 
the bilateral nephrogenic tissue masses with the cloaca, 
a hollow structure originating from the hindgut and 
receiving the most distal portion of the gastrointestinal 
and the genitourinary tracts [1]. The cloaca is later 
divided by a septum which separates these two systems, 
leaving the orifices of the Wolffian ducts to enter the 
newly formed urogenital sinus. The ureter arises as a 
bud from the distal Wolffian duct and grows in a cephalic 
direction to invaginate the portion of the nephrogenic 
mass which will eventually become the kidney, while the 
Wolffian duct and the adjacent developing gonad de- 
scend by differential growth to become the testis and vas 
deferens in the male fetus. Because the ureter arises as 
a bud from the Wolffian duct, a common channel con- 
nects both structures to the urogenital sinus. With 
growth of the sinus this common channel is assimilated, 
with the result that the ureter and future vas deferens 
enter separately into the primitive bladder. The part of 
the primitive bladder that receives the vas is the precour- 
ser of the posterior urethra and carries the orifice of the 
vas to its final position at the verumontanum. 


TABLE 1 











Age (years) 


Reference First Seen 


Alfert and Gil- 
lenwater [3]. 7 


Beall and Ware 
BT eee 28 


Borger and Bel- 


man [5] ... New- 
born 
Borger and Bel- 
man [5] ... New- 
born 


Tejmaróva and 
Paces [6] .. 30 


Reisman [7] ... 13 


Present report: 
Case 1 


e wo d 3 d 








Presenting Problem 


Summary of Reported Cases 


Associated Genitouri- 
nary Anomalies 








Side and Vas Deferens 
Insertion 





Associated Gastrointes- 


tinal Anomaly 


Diagnosis Established 
by: 





Hypospadias, un- 
descended 
testes 


Infertility 


Imperforate anus 


Imperforate anus 


Hematuria 


Swollen right 
scrotum; epidi- 
dymitis 


Imperforate asus; 
swollen left 
scrotum 


Laryngotracheoe- 


sophageal cleft; 


urinary tract in- 
fection 


Malrotated right 
kidney; pelvic 
left kidney 


Small testes and 
absence of sem- 
inal vesicles 


Massive right ves- 
icoureteral re- 
flux; nonfunc- 
tioning kidney 

Massive bilateral 
vesicoureteral 
reflux 


Left renal agene- 
sis 


None 


None 


Pelvic right kidney 


Left vas termi- 
nated in left ure- 
ter 


Right vas termi- 
nated in left vas 


Right vas termi- 
nated in right 
ureter 


Right vas termi- 
nated in right 
ureter 


Left vas termi- 
nated in bladder 


Right vas termi- 
nated in bladder 
neck 


Both vasa termi- 
nated in bladder 


Left vas termi- 
nated in bladder 


None 


None 


Supralevator im- 
perforate anus; 
rectourethal fis- 
tula 


Infralevator im- 
perforate anus 


Unknown 


None 


Supralevator im- 
perforate anus; 
rectourethal fis- 
tula 

Posterior laryn- 
geal cleft 








Retrograde pyelo- 
gram and vaso- 
gram 


Vasogram 


Voiding cystour- 
ethrogram 


Voiding cystour- 
ethrogram 


Voiding cystour- 
ethrogram and 
vasogram 

Voiding cystour- 
ethrogram and 
retrograde ur- 
ethrogram 


Voiding cystour- 
ethrogram 


Excretory urogra- 
phy and voiding 
cystourethro- 
gram 





ECTOPIC VAS DEFERENS 


Because these developmental events are so closely 
related, it is not surprising that imperforate anus and 
anomalies of renal rotation and ascent are associated 
with congenital abnormalities of the vas deferens. Fail- 
ure of obliteration of the portion of the Wolffian duct 
which receives both the ureter and vas deferens can 
result in ectopy of the vas into the ureter (or of the ureter 
into the genital tract as has also been observed). Alter- 
natively, the vas deferens may enter ectopically into the 
bladder when it does not complete the final migration to 
the posterior urethra. 

In 1949 Michelson [2] presented 12 cases of abnormal- 
ities of the scrotal portion of the vas deferens discovered 
in subfertile men by clinical evaluation or by testicular 
exploration. Neither in his own cases nor in his literature 
review did he discuss abnormalities of the urethral end 
of the vas. Since 1949 six cases have been reported of 
ectopia of the urethral end of the vas [3-7]. These are 
summarized in table 1 along with our two cases. Age at 
presentation ranged from infancy to 30 years, and the 
reasons for presentation included imperforate anus, hy- 
pospadias with undescended testes, infertility, swollen 
scrotum, hematuria, and urinary tract infection. 

Ectopia was almost evenly divided between the two 
sides: four on the left and five on the right. In four cases 
the site of ectopia was in the bladder and in three cases 
it was the ipsolateral ureter, both easily explained by the 
embryology. 

The one reported case of vas deferens terminating 
ectopically in the vas on the contralateral side is some- 
what more difficult to account for embryologically. It 
seems plausible that the distal ends of the paired Wolf- 
fian ducts may have fused to enter the cloaca as a single 
structure. On the basis of this explanation, associated 
anomalies of the ureters would be expected, but the 
diagnosis was based on vasography and the urinary tract 
was not studied. Most cases which were investigated 
had associated urinary tract abnormalities, often anom- 
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alies of renal position, which were not unexpected in 
view of closely linked developmental events. 

Imperforate anus was the most frequent gastrointes- 
tinal anomaly, though one patient had a posterior laryn- 
geal cleft. The absence of cardiac and limb defects 
suggests that the inciting event produces a relatively 
local defect rather than affecting all systems developing 
in the same embryologic phase. 

The most productive mode of radiographic evaluation 
was voiding cystourethrography. Vasograms were diag- 
nostic in those patients who had open testicular biopsy 
for evaluation of infertility, and excretory urography for 
evaluation of renal anomalies. In no case was any correc- 
tive surgical procedure undertaken for the ectopic vasa, 
since the only direct effect on the patient seems to be 
infertility in those with bilateral anomalies. Two patients 
had surgery because of vesicoureteral reflux: one a 
nephrectomy and one a temporary cutaneous vesicos- 
tomy [5]. 
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Cerebral Ischemia. I. Current Angiographic Techniques, 
Complications, and Safety 


C. W. KERBER,'’ L. D. CROMWELL,? B. P. DRAYER', AND W. O. BANK 


The angiographic evaluation of the transient ischemic at- 
tack has been technically difficult, time consuming, and com- 
plication prone because of underlying arteriosclerosis and 
other medical diseases. The examination described depends 
upon small soft catheters, dynamic fluoroscopy for position- 
ing, and selective magnified views of the arteries needed for 
surgical planning. Five basic views are exposed. On the side 
of clinical interest, a lateral view of the head and neck, a 
frontal view of the head, and a fluoroscopically positioned 
view of the carotid bifurcation are obtained; on the other side 
the frontal view is omitted. A total of 662 consecutive studies 
were performed on 603 patients without death or permanent 
strokes. The only permanent complication was a partial radial 
nerve palsy. 


Stroke is the third leading cause of death and morbidity 
in the United States. There is now wide awareness of the 
transient ischemic attack and of its value as a warning of 
impending stroke [1-9]. Improved surgical techniques 
for the therapy of central nervous system ischemia 
include carotid endarterectomy and temporal to middle 
cerebral artery bypass [3, 10-12]. These developments 
now make precise evaluation of the cerebral arteries 
essential. 

Because of underlying arteriosclerosis and frequent 
complicating medical disorders, patients with central 
nervous system ischemia are a challenge to the angiog- 
rapher. The angiographic approach to this problem must 
be safe and accurate and should be easy to perform. It is 
important that the arterial supply of the brain be demon- 
strated with maximal detail and clarity, with emphasis on 
the carotid bifurcation, the temporal and occipital 
branches of the external carotid artery, and the intracra- 
nial circulation. 

With these points in mind we began this prospective 
study. This paper reports the details of our technique, 
the rationale for various views, and the complications 
encountered. Overall, it emphasizes the safety of the 
examination. A subsequent paper will analyze the patient 
population, risk factors and results. 


Subjects and Methods 
Case Material 


Over a 4.5 year period, we performed cerebral angiography 
662 times on 603 consecutive adult patients suspected of having 
cerebral ischemia. The patients were in the arteriosclerotic age 
group (mean age, 61 years). There was considerable prior 
selection, since all individuals had been seen by at least two 
physicians. Almost all had arteriosclerosis and many had com- 
plicating medical diseases. The patients generally fell into four 
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categories: (1) transient ischemic attack, (2) suspected stroke, 
(3) asymptomatic carotid bruit found on preoperative workup 
(usually for coronary artery or peripheral arterial surgery), and 
(4) miscellaneous other presentations. Severe arteriosclerosis, 
the presence of a recent cerebral infarction, and complicating 
medical illness were not considered contraindications to an- 
giography. Only one request for radiographic consultation was 
denied during this study; that patient was agitated, combative, 
and in congestive heart failure, thus not a candidate for required 
general anesthesia. 


Patient Preparation 


Every effort was made to keep the patients well hydrated, and 
all but one received full liquid diets up to the time of the 
examination. Fluids were given intravenously during the study. 
No premedication was given until the patient arrived in the 
angiography suite, an intravenous line was in place, and the 
baseline blood pressure and electrocardiogram were obtained. 
Then intravenous diazepam was given in 2.5 mg increments 
until the patient felt relaxed. 


Angiographic Technique 


The femoral [13] or axillary [14] percutaneous approach was 
used in all but eight patients. Except for the few patients who 
required general anesthesia, 1% lidocaine was liberally used, 
with special care to infiltrate the artery sheath. A no. 5 French 
polyethylene catheter (fig. 1) led by a movable-core 3 mm J wire 
(SCM 145-35-3, Cook, Inc.), was first placed in the arch, double 
flushed with heparinized saline, and then directed into the 
appropriate brachiocephalic vessel. The left carotid artery, 
usually the most difficult to catheterize selectively, was exam- 
ined first before the body heat partially effaced the complex 
catheter curve. After verifying fluoroscopically that the catheter 
tip lay in the appropriate vessel, a guide wire with gradually 
decreasing flexibility (SFNA 145-35, Cook, Inc.) was introduced 
to straighten the catheter curve. Then, by rotating the catheter 
while holding the guide wire to prevent its cranial movement, 
the catheter was advanced into the carotid vessel. Great care 
was taken to see the bifurcation before passage of wire or 
catheter, so that neither would advance through a potentially 
diseased bifurcation. 

Conray 60, used for selective injections, was delivered with a 
pressure injector at a rate of 6 ml/sec for a total dose of 12 ml. 
If an arch study was performed, a no. 7.1 French polyethylene 
pigtail catheter and, in the last half of the study, a no. 6.0 
French Teflon pigtail catheter (no. 1308-35-06, Universal Medi- 
cal Instrument Corp.) delivered 50-55 ml of Renografin 76 in 
1.8-2 sec. 


Filming 


Primary geometric magnification was used throughout. A 25 
cm air gap from patieft to film absorbed scatter. A target-to-film 
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Fig. 1.—No. 5 French polyethylene catheter used for selective arterial 
injections in arteriosclerotic age group. All curves must be in same 
plane; catheter must be flat after being bent in stream. Main bend must 
be made opposite catheter's intrinsic curve or tip will point into aortic 
root rather than into branchiocephalic vessels. 


distance of 91 cm for the frontal runs and 102 cm for the lateral 
runs was used. Cut films (35.6 x 35.6 cm) were exposed in a 
Schonander changer. On the frontal and lateral views, exposure 
rate was one film per second for 3 sec, then two films per 
second for 3 sec, followed by 2 sec pause prior to the final 
venous film. On the oblique view, the rate was two films per 
second for 3 sec. 


Basic Study 


On the side of maximal clinical interest, three views were 
obtained. First, a lateral head and neck series was obtained to 
show the carotid bifurcation, intracavernous internal carotid 
artery, and all of the intracranial vessels (fig. 2). If the bifurcation 
lay low in the neck (one to two patients per 100), a separate 
lateral magnified view of the cervical carotid artery was ob- 
tained. Second, a collimated frontal view was exposed (fig. 3A). 
Third, a fluoroscopically positioned view of the carotid artery 
(including its intracavernous and intracranial portions) was 
exposed (fig. 3B). The proper obliquity was determined by 
having the patient turn his head from side to side while the 
angiographer injected small quantities of contrast agent. The 
position which fluoroscopically demonstrated the greatest nar- 
rowing or placed the ulcer in profile was chosen (figs. 3B and 
4). 

In the contralateral common carotid artery, only the lateral 
and fluoroscopically positioned oblique views were obtained. If 
vertebrobasilar insufficiency was strongly suspected, a 105 mm 
spot film of the subclavian vertebral junction was taken (fig. 5). 
An aortic arch study (fig. 6) was performed only if the patient's 
symptoms were unexplained by the preceding views, if a blood 
pressure difference in the arms was of clinical concern, or if 
subclavian steal syndrome was suspected. In these situations, 
the use of a compensating wedge filter [15] gave more uniform 
radiographs. 


Assessment of Complications 


During the examination a technologist determined general 
patient status, blood pressure, and pulse. Continuous electro- 
cardiographic monitoring was routine. The radiology resident 
or fellow checked the patient the next dag, and further follow- 
up was obtained from the clinical house staff. All data pertaining 
to the examination as well as the surgical notes were kept in 
bound books. Finally, a chart review was performed to insure 
that no complication had been overlooked. The data were 
transferred to punch cards and processed by computer. 
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Fig. 2.— Lateral view of head and neck on 35.6 x 35.6 cm cut 
film. This projection is usually of greatest diagnostic usefulness. 
Carotid bifurcation can be included in most cases. Intracavernous 
internal carotid artery, common site of second narrowing which 
might preclude endarterectomy, is well seen. Patient has large 
concentric plaque with posterior central ulceration (arrows). Later 
films in series showed normal intracranial circulation. 


Results 
Radiographic Evaluation 


All patients but eight (1.3%) were studied by no. 5 
French selective catheterization. Those eight patients 
required, at least in part, one direct carotid puncture. In 
145 patients (2296) the axillary approach was required in 
part rather than the preferred femoral route, and 79 
examinations (1296) included arch injections. 

Fluoroscopic time to accomplish the study averaged 
10.2 min (SD = 7.3 min). Room time was recorded from 
the moment the patient entered the angiographic suite 
to when he left and thus includes sterile preparation, 
filming, and technical performance. This time averaged 
67.5 min (SD = 20.6 min). 

Patients with clear signs and symptoms of vertebro- 
basilar transient ischemic attacks still had the basic 
carotid workup supplemented by views of the vertebral- 
subclavian artery junction. Aortic arch studies were of 
value in the management of subclavian stenoses or 
occlusions and allowed planning of subclavian bypass 
surgery. One patient had severe stenosis in the origin of 
the left carotid artery. This was discovered not on routine 
arch examination, but by noting poor contrast agent 
runoff after selective carotid catheterization. 


ANGIOGRAPHY OF CEREBRAL ISCHEMIA 
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Fig. 3.—A, Half axial frontal view, early arterial phase, showing complete 
block of horizontal segment of middle cerebral artery (arrow) as well as distal 
portion of anterior cerebral artery. This view can also demonstrate unsus- 
pected aneurysms. B, Fluoroscopically positioned oblique view of same 
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Complications 


We used a modification of the classification of compli- 
cations described by Mani et al. [16]. Three general 
categories were tabulated: (1) central nervous system — 
any change occurring within the brain or spinal cord 
which was felt by any observer to be caused by or 
associated with the angiography; (2) peripheral — any 
change in patient status caused by arteriotomy or manip- 
ulation of catheter or guidewire; and (3) systemic — any 
untoward reaction not related to any of the two prior 
areas. These categories were subdivided further into 
transient and permanent changes (table 1). 

Central Nervous System. No patient died, there were 
no permanent strokes, and no patient went blind. Three 
patients developed severe hemispheric neurologic 
change which took more than a day to clear, and three 
patients developed transient changes which lasted only 
minutes. Complications of this sort were treated by 
removal of the catheter from the artery and insuring 
adequate perfusion pressure. If symptoms persisted, 
Decadron was used. We now add long term pressor 
amines (dopamine) for 3-5 days to treat persisting neu- 
rologic deficit and request anesthesia consultation to 
determine if high dose barbiturate treatment is indicated. 


Peripheral. There were two complications of axillary 
artery catheterization. One patient had multiple puncture 
attempts and developed a radial nerve palsy which did 
not completely clear. The other had an axillary artery 
thrombosis, presumably due to subintimal passage of 
the catheter or guide wire, but remained asymptomatic. 
He underwent uneventful endarterectomy. 

Systemic. One patient developed bradycardia during 
the arterial puncture which progressed to asystole. The 
asystole was treated by the usual supportive measures 
and the patient recovered uneventfully. Careful question- 
ing revealed that he had fasted during the prior 12 hr 
and was quite dehydrated. This outpatient returned for 
angiography 1 week later after our usual preparation and 
no premedication; the examination was performed with- 
out incident. 


Discussion 


Safety e 


Cerebral angiography for occlusive cerebrovascular 
disease is now a safe, efficient, and accurate procedure. 
With improved catheter techniques, the mortality and 
morbidity rates continue to decline. Our complication 
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Fig. 4.— Elderly patient with transient ischemic attacks. A, Standard lateral view showing irregular and severely narrowed 
internal carotid artery. B, Fluoroscopically positioned view showing ulcer (arrows) in profile. Patient's head was taped in place 


after correct degree of obliquity had been determined. 





Fig. 5.—Subclavian-vertebral artery origin 
on 105 mm spot film, hand injectifn. Origin of 
vertebral artery is most common site of stenosis 
and tortuosity of that artery. Selective catheter- 
ization in this patient would be difficult because 
of stenosis. Even no. 5 French catheter might 
occlude runoff. 


rates are an improvement over those reported in the 
combined study [6] and by others [17-20], but are similar 
to some who use these techniques [16]. We believe that 
this safety is based on three main factors. 

First, the fluid balance of the patient is disturbed as 
little as possible. Adequate hydration is maintained by 
encouraging full liquid consumption until the time of the 
examination. Only after the intravenous line is in place 
and vital signs are obtained is premedication given. The 
arteriosclerotic group of patients frequently has various 
disorders including hypercoagulability, high grade ste- 
noses of the carotid and coronary arteries, and diabetes 
mellitus. Since patient monitoring may not be optimal 
during transportation and while awaiting a procedure, it 
is critical that perfusion pressures not be lowered by 
either drugs or dehydration at this time. It has been our 
unfortunate experience to witness two premedicated and 
fasted patients who developed strokes while awaiting 
procedures at another institution. Our only cardiac arrest 
occurred in an outpatient who fasted; he had an unevent- 
ful repeat examination 1 week later after good hydration. 

Second, a small, soft no. 5 French catheter is intro- 
duced by a guide wire. A recent report by Mani [21] 
emphasizes the need to use no. 5 French or smaller 
equipment rather than the more commonly used nos. 6 
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Fig. 6.— Right posterior oblique position with no. 7 French polyethyl- 
ene catheter in place for arch injection. Catheter has been carefully 
flushed, filled with contrast agent, and stopcock closed. Before hookup 
to pressure injector, patient was positioned over changer and single 
exposure was made. About 30 sec elapsed. Contrast agent has already 
diffused out of catheter tip and is replaced with blood (arrows). Since 
many of these patients are hypercoagulable, arch examination must be 
completed with dispatch; frequent vigorous flushing of these large 
catheters is advisable to avoid complications. 


or 7 French catheters. Additionally, we feel strongly that 
neither wire nor catheter must be pushed inadvertently 
through a potentially diseased bifurcation. Small clots 
and ulcers can be disturbed with disasterous results. The 
fluoroscope is liberally used during manipulation and 
passage of the catheter selectively into the carotid artery. 
We avoid catheterizing vertebral arteries, since stenoses 
there usually occur at the vertebral origin. We prefer to 
look at the junction of the vertebral and subclavian artery 
as a safer alternative (fig. 5). The importance of meticu- 
lous catheter hygiene with frequent double flushing 
cannot be overemphasized. 

In visceral angiography, pressure transducers at- 
tached to the catheter are a valuable tool and tell the 
operator if he has caused spasm. We have not found this 
of value in cerebral angiography. The carotid or vertebral 
artery freely anastomoses with the other cranial vessels. 
It is thus possible to have no blood flow but to transmit a 
normal pressure wave back to the transducer. Blood 
flow is the desired information; pressure is only an 
indirect measurement of it. We prefer to have direct 
fluoroscopic confirmation of flow, avoiding extra con- 
nections and tubing which might add to the complexity 
of the system. This desire for simplicity rules out the use 
of constant drip infusions of heparinized saline. The 
intermittent flush technique is not only more foolproof, 
but insures that the operator will remain at the patient's 
side throughout the study. 
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TABLE 1 
Complications during Angiography 
Complication No. " 
Central nervous system: 
PRIN o oukcesas d eg w e die on RO CR des 0 0 
Transient: 
Stroke, recovery within 72 hr ................ 3 0.5 
Transient ischemic attacks .................. 3 0.5 
Peripheral: 
Permanent (radial nerve palsy, only partial recov- 
Serre Pere rr re on AN 1 0.2 
Transient: 


Internal carotid artery occlusion, remained 
asymptomatic: patient underwent emer- 
gency endarterectomy ......... eroe 1 0.2 
Axillary artery occlusion, asymptomatic: treated 
with éngarterectomy sks ceca cnccdasecsaces 
Pulse loss; treated by femoral thrombectomy . 1 0.2 


Systemic: 
POO EEEE ETET TT E REO POT I 0 0 
Transient: 
Bradya dia oueesaeteteuasttpk o Ao XAR adr a 2 0.3 
Cardiac arrest treated successfully ........... 1 0.2 





Finally, the residents who perform these examinations 
are carefully supervised either by the neuroradiologist or 
his fellow. Our residents received 3 months training in 
visceral angiography before coming to the neuroradiol- 
ogy service and are required to possess both technical 
skills and an attitude of cautious concern for the risk of 
the procedure before any responsibility is delegated to 
them. 


Radiographic Rationale 


Although arteriosclerosis is a generalized disease, it 
definitely has a predilection for certain sites. The lateral 
view of the head and neck (fig. 2) is by far the most 
frequently diagnostic and useful. This projection gives 
satisfactory visualization of the bifurcation and also of 
the cavernous internal carotid and the intracranial cir- 
culation. With this view, intracranial disorders such as 
aneurysm, vascular malformation, neoplasm, and cere- 
bral infarction can be excluded. 

Cranial computed tomography provides accurate in- 
formation concerning the presence of many intracere- 
bral lesions; we thought it would negate the need for a 
frontal intracranial view (fig. 3A). However, we found that 
the horizontal segment of the middle cerebral artery 
contained a plaque too often to omit this view. Also. an 
aneurysm not seen on the lateral radiograph may be 
defined. 

The fluoroscopically positioned oblique view (figs. 3B 
and 4B) often demonstrates small ulcers not visible on 
other views and may better define the degree of stenosis 
in both the bifurcation and intracavernous regions. It is 
important to use the fluoroscope dynamically for optimal 
patient positioning rather than to rely merely on standard 
positions. 

The origin of the vertebral artery, the site of the most 
frequent disease in that system, is well visualized on 105 
mm spot film (fig. 5). Because of the usual tortuosity of 
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the vertebral origin and the often associated stenosis in 
this age group, selective catheterization of this vessel is 
rarely performed in our arteriosclerosis evaluations. In 
no instance in this series did vertebral angiographic 
findings definitely alter patient management. 

Some authors [5, 6, 22-24] recommend arch angiog- 
raphy or retrograde brachial angiography for the evalua- 
tion of cerebral vascular disease. The superiority of 
selective injections to delineate vascular detail is now 
universally accepted, and the routine application of mag- 
nification and subtraction techniques further enhances 
this detail. Several authors [3, 4, 25-27] emphasize the 
need for high quality and carefully positioned angiogra- 
phy both to show the degree of narrowing and even 
more importantly to outline associated ulcers, especially 
shallow ones. In our experience, arch injections alone 
constitute an inadequate examination. In addition, it is 
extremely difficult to keep the end- and side-hole cathe- 
ters used for arch studies free of clot (fig. 6). In the 
unusual situation in which a common carotid artery is 
occluded, 105 mm spot films of its origin readily docu- 
ment that occlusion. 

Nevertheless, arch arteriography is helpful in certain 
selective situations. Since arteriosclerosis is a multifocal 
disease, it is reasonable to assume that some transient 
ischemic attacks are caused by ulcerations at the carotid 
origin and in the arch. Thus, if we cannot explain the 
patient's signs and symptoms with selective injections, 
an arch study is done. However, it is of interest that a 
severe common carotid origin stenosis was diagnosed 
after selective no. 5 French catheterization by noting 
poor contrast agent runoff and not by arch injection. 
Also, except for patients who had clinically obvious 
subclavian stenoses, our arch studies did not influence 
surgery in any patient. 


Cross-Compression 


At some institutions, referring physicians wish to see 
potential collateral pathways, especially the horizontal 
segments of the anterior cerebral artery, and request 
cross-compression views. This is done to determine the 
likely need for bypass shunt during endarterectomy. We 
feel that, though the more data available to the surgeon 
the better, the cost of this extra information is too high. 
Operator dose is increased dramatically by staying in the 
room during filming, and occluding one of the major 
vessels to a suspected ischemic brain while introducing 
nonoxygenated fluid into the other side is intuitively 
wrong and likely to increase the ischemic insult. Watch- 
ing a colleague produce a permanent profound stroke 
after only 8 sec of cross-compression has strengthened 
our prejudice against this maneuver. We feel that the 
question of whether a shunt is needed is best settled 
during surgery by electroencephalography or other 
means, not by angiography. Angiogsaphy shows anat- 
omy well, but physiology (blood flow) poorly. 


Conclusions 


Our results show that angiographic evaluation of cer- 
ebral ischemia can be accomplished safely and effi- 
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ciently. We recommend five standard views: On the side 
of major clinical interest: (1) a frontal view of the head; 
(2) a lateral view of the head and neck; and (3) a 
fluoroscopically positioned oblique view to show the 
carotid artery bifurcation, intracavernous internal carotid 
artery and horizontal segment of the middle cerebral 
artery. On the opposite side, the frontal view of the head 
is omitted. Radiography performed with selective injec- 
tions and magnification techniques displays the arteries 
of interest with great detail. It should be emphasized that 
although a routine study of five views is suggested, each 
examination should be individualized depending upon 
the clinical and radiographic situation. 

Evaluation of the patient with transient cerebral is- 
chemia will always be a challenge to the neuroradiolo- 
gist. Hopefully, new noninvasive techniques will be de- 
veloped to delineate accurately even shallow athero- 
sclerotic ulcers. Until then, the angiographer will be 
faced with patients who have complicating medical prob- 
lems and severely diseased vessels which must be ne- 
gotiated with a catheter. Only with meticulous attention 
to detail, a well trained angiography team, and an opti- 
mistic outlook can the examinations be done with con- 
sistent safety. Although often difficult, tedious, and time 
consuming, cerebral angiography of ischemic vascular 
disease of the brain is a rewarding and satisfying diag- 
nostic achievement. 
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Angiography of Chronic Hemodialysis Arteriovenous Grafts 


R. J. O REILLY,’ C. C. HANSEN.' AND J. J. ROSENTAL? 


The arteriovenous graft has become an accepted vascular 
access route for chronic hemodialysis. Angiography plays an 
important role in the demonstration of graft abnormalities and 
in the management of graft malfunction. We describe the two 
basic techniques of graft angiography and classify graft ab- 
normalities and factors associated with graft malfunction. The 
role of angiography in each category is analyzed, and repre- 
sentative cases are presented. Pertinent clinical material is 
also presented to provide information concerning the relative 
frequency of graft complications. In addition, the role of 
arteriovenous grafts in chronic maintenance hemodialysis 
and highlights in the development of graft technology are 
reviewed. 


Chronic hemodialysis requires repeated and long term 
access to the vascular tree. Such vascular access can be 
achieved either through the use of external shunts of the 
Scribner type or through the use of fistulae or grafts 
which provide internal arteriovenous communication. 
The angiography of external shunts and internal fistulae 
has been amply described in the radiologic and surgical 
literature [1-3]. No previous report has described and 
classified angiographic procedures and findings relative 
to anteriovenous grafts for maintenance dialysis. 


Case Material and Findings 


Clinical records of Hemodialysis Unit patients with 
arteriovenous grafts were reviewed. A total of 100 bovine 
grafts placed between 1972 and 1974 and 157 expanded 
polytetrafluoroethylene grafts placed between 1975 and 
1977 constitute the series. Graft thrombosis rates for the 
bovine graft group were calculated (table 1). Data from 
the synthetic graft group were analyzed and tabulated in 
terms of specific causes of graft failure (table 2). Figures 
1-8 illustrate various types of graft abnormalities en- 
countered in the clinical review. 


Vascular Access for Chronic Hemodialysis 


External shunts. The Scribner-Quinton external arteri- 
ovenous shunt was the first method of vascular access 
to come into wide use [4]; it is most commonly placed in 
the distal forearm, connecting the radial artery with the 
cephalic vein. Complications of thrombosis, infection, 
hemorrhage, and skin erosion are relatively common, 
resulting in a shunt longevity of only 14 months [5, 6]. 

Arteriovenous fistulae. To reduce complications and 
improve "longevity," Brescia et al. [5] developed the 
side-to-side arteriovenous fistula between the radial (or 
ulnar) artery and the contiguous superficial vein at the 
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wrist. Repeated percutaneous cannulation of the dilated 
regional veins provide the required dialysis access. In 
addition to a reduced incidence of infection and throm- 
bosis, patients enjoy freedom from the restricted activity 
imposed by an external shunt [6]. The arteriovenous 
fistula remains the preferred method for chronic hemo- 
dialysis maintenance. 

Arteriovenous grafts. Although creation of a Brescia- 
type fistula is considered the procedure of choice, some 
patients lack vessels suitable for direct arteriovenous 
communication [7]. The arteriovenous graft was devel- 
Oped as an alternative vascular access for diabetic pa- 
tients with severe atherosclerosis, or patients who have 
had previously unsuccessful external shunts or internal 
fistulae. 

The saphenous vein was used as the arteriovenous 
conduit following introduction of this graft technique by 
Chavez and Bower [8] (upper extremity graft) and May et 
al. [9] (lower extremity graft). Although saphenous veins 
have functioned well as peripheral vascular and coronary 
bypass grafts, they have been abandoned as a conduit 
for hemodialysis maintenance because of high incidence 
of severe graft stenosis [10] (fig. 9). 

Following the work of Rosenberg et al. [11]. the modi- 
fied bovine graft replaced the saphenous vein as the 
arteriovenous conduit for maintenance hemodialysis [12, 
13]. The bovine graft is a beef carotid artery which is 
subjected to a multistaged modification process creating 
a nonantigenic collagen tube with good tensile strength, 
extensibility, and retractibility [11, 14]. Disadvantages of 
the bovine graft relate not only to the problems of 
availability and expense, but particularly to the variety of 
vascular complications which may develop [15-24]. The 
bovine graft is also more susceptible to infection than 
the newer synthetic grafts [20]. 

Historically, the bovine graft plays an intermediate role 
between the early saphenous graft and the newer syn- 
thetic polytetrafluoroethylene grafts. Yet many bovine 
grafts remain in place and require vascular radiologic 
evaluation. Thus angiography of both bovine and syn- 
thetic grafts will be discussed. 

The expanded polytetrafluoroethylene graft was intro- 
duced by Soyer et al. [25] in 1972 as a vena cava graft, 
but it subsequently was developed into a small artery 
substitute and as an alternative arteriovenous graft for 
maintenance dialysis. The synthetic grafts are composed 
of tiny nodules of polytetrafluoroethylene interconnected 
by thin fibrils, establishing internodal spaces which allow 
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TABLE 1 


Graft Thrombosis Rates in 100 Bovine 
Arteriovenous Grafts 




















No. u Failures 
Grafts (96) 
Thigh: 
LOB Leer DER 15 13 
Straight veces: 28 27 
Forearm: 
Lob Lees orb Enna 17 19 
Straight ........es 40 40 
TABLE 2 


Causes of Synthetic Graft Failure 








No. 








Complication Patients 

Gral TrombOB iioc prr xn 34 
Extremity edema: regional venous 

stenosis or occlusion .......... 7 
MOCO 25 s aca Fa neo Ed Rcg api X Ox 6 
Falso aneurysm rsrsr ior 3 
Ischemia: regional atherosclerosis or 

"BEI STOR T R ek RECEN Re de 2 
Graft stenosis requiring surgery ..... 1 
POM OUUU TRMUFG occcc ate be RR 1 


BOB ouo beds hu a obs cache tone 54 


Note. — Data on 157 expanded polytetrafluoroethylene grafts. 








Fig. 1.— Superficial femoral artery to common femoral vein straight 
graft; direct graft injection study. A, Focal graft stenosis overlying femur 
(arrow). More proximal lesion is not included on this view. Note reflux 
filling of superficial femoral artery (arrowheads) due to graft stenosis. B, 
Subtraction study identifying short focal stenosis (arrowhead) and long 
segmental graft stenosis (arrows). 
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Fig. 2. - Occluded superficial femoral artery to com- 
mon femoral vein straight graft; femoral arteriogram. 
Only short segment (nubbin) of occluded graft is dem- 
onstrated (arrow). Atherosclerotic disease of superfi- 
cial femoral artery proximal to anastomosis may have 
contributed to graft occlusion. 


cellular ingrowth both externally as well as internally 
from the graft lumen. This cellular organization estab- 
lishes a firm ‘adventitial’ attachment with simultaneous 
formation of a thin well-attached neointima, similar to 
true endothelium, extending the length of the graft and 
suture lines. Ultimately, this "pseudoautograft'', with its 
own microcirculation, is able to support cellular growth 
and metabolism [25-29]. 

Treated human umbilical vein represents the newest 
vascular graft available for hemodialysis maintenance, 
but experience to date is too limited to judge the eventual 
role of this particular arteriovenous conduit [30, 31]. 

Arteriovenous grafts are placed in either "straight" or 
"loop" configurations. The straight graft extends from a 
distal artery to a proximal vein (Figs. 1A, 6, 7A), whereas 
with a loop graft configuration, the venous and arterial 
anastomoses are made at approximately the same levels 
(fig. 10). The loop graft is particularly suited to the lower 
extremity where anastomosis can be made to the com- 
mon femoral artery which frequently has less athero- 
sclerotic involvement than the more distal superficial 
femoral artery. 

In most patients, the upper extremity is the preferred 
site of anteriovenous graft placement. Arteries of the 
upper extremity are usually less involved with atheroscle- 
rosis. Distal radial artery to antecubital vein graft place- 
ment is a well tolerated surgical procedure even in 
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Fig. 3.—Graft to basilic vein; direct 
graft injection. A, Anteroposterior 
view showing anastomosis “en face" 
with superimposition of opacified 
vein. B, Oblique view with subtraction 
showing anastomotic stenosis in pro- 
file (arrow). Note diffuse dilatation of 
basilic and axillary veins. 


Fig. 4.— Graft to common femoral vein; direct synthetic graft injection. A, Long severe venous stenosis just above level of graft anastomosis. B, 
Status postoperative patch reconstruction of femoral vein. Initial phase of graft injection series showing recurrent venous stenosis. Reflux into 
saphenous and deep femoral veins indicates proximal venous obstruction. Arrow indicates opacified graft. C, Later phase again demonstrating 
recurrent venous stenosis and associated venous collaterals. 
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Fig. 5.— Superficial femoral artery to femoral vein loop synthetic graft; femoral arteriogram. A, Initial phase showing occlusion of proximal superficial 
femoral artery with early opacification via profunda collateral. B, Intermediate phase showing complete reconstitution of superfical femoral artery back 
to site of graft anastomosis. C, Late phase demonstrating reconstituted superficial femoral artery and proximal segment of graft (arrows). 


severely ill patients. Further, the favorable venous anat- 
omy of the antecubital fossa provides not only outflow to 
multiple interconnecting superficial veins, but also com- 
munication with the deep venous system of the arm. 


Angiographic Technique 


Angiography provides key diagnostic information 
about many graft-related abnormalities. The direct graft 
injection method and the arterial injection method are 
the two basic types of angiographic procedures. 

The direct graft injection method is used to evaluate 
increased graft resistence (graft hypertension) and ex- 
tremity edema. Graft hypertension constitutes the most 
frequent indication for direct injection graft angiography 
and is determined by an increase in measured pressure 
in the dialysis outflow line and by clinical evaluation of 
graft pulsation. Normally, palpable graft pulse amplitude 
diminishes progressively towards the venous end of the 
graft. A forceful pulse palpable throughout the graft 
length is indicative of inadequate graft or venous runoff. 
"Graft hypertension" requires surgical correction before 
false aneurysms develop or graft o@clusion occurs. The 
direct graft injection angiographic technique allows for 
evaluation of the graft, graft-venous anastomosis, and 
regional draining veins. 

The arterial injection technique is used to investigate 


reduced dialysis line inflow or to evaluate symptoms of 
extremity ischemia. Arterial-graft anastomosis, regional 
arterial status, and runoff are principally studied with 
this technique. The graft, venous-graft anastomosis, and 
regional veins also are visualized as with the direct graft 
injection method. Specific factors related to these two 
methods are shown in table 3. 

Frequently, patients referred for direct graft injection 
studies have come from the Hemodialysis Unit with one 
of the dialysis needles in place. Thin-walled no. 16 
Terumo arteriovenous fistula needles (Terumo America 
Inc., Compton, Calif.) are used at our institution and 
have proved satisfactory for graft angiography. After the 
procedure, the needle is withdrawn and hemostasis is 
obtained by manual graft compression. 

Thin-walled disposable arterial needles are used when 
the graft puncture is performed in the radiology depart- 
ment. After the graft is punctured, the needle and stylette 
are removed, leaving the blunt needle cannula in place. 
A guide wire is passed so that the graft is not traumatized 
as the cannula is advanced for secure positioning. 

The direction of graft puncture should be in line with 
the direction of graft flow to facilitate sealing of the graft 
when the needle is withdrawn. To avoid graft tears, 
Baker et al. [29] advise that the needle not be inserted at 
excessive tangential angle. 
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Fig. 6.— Superficial femoral artery to common fem- 
oral vein straight graft; arterial injection. Note multiple 
small false aneurysms at sites of previous graft punc- 
tures (open arrows). Fusiform aneurysmal dilatation 
is seen between closed arrows. 


For the arterial injection technique, addition of Xylo- 
caine is an excellent method to reduce patient discom- 
fort. We use it routinely and for all runoff examinations. 

Although direct ipsilateral femoral arteriography is fast 
and simple, contralateral femoral catheterization is pre- 
ferred. We have not encountered any complications 
using the ipsilateral direct femoral artery puncture 
method. However, theoretical problems related to bleed- 
ing, local vascular injury, or infection have influenced us 
to rely almost exclusively on the contralateral femoral 
catheterization technique. 

When evaluating symptoms of peripheral arterial is- 
chemia by an extremity runoff study, temporary 
compression occlusion of the graft will result in im- 
proved opacification of the arterial system distal to the 
graft. The graft is compressed by the patient. Arteriog- 
raphy obtained without graft compression is used to 
evaluate the degree of "graft steal.” 

No serious complications have been encountered with 
either graft angiographic method. Delayed hemostasis 
occurred in one patient with a high grade venous anas- 
tomotic stenosis following needle removal from the thigh 





Fig. 7.— Graft "steal" in straight femoral graft; arterial injection. 
A, initial phase showing largest fraction of flow directed to graft at ex- 
pense of arterial flow distal to anastomosis. B, Later phase showing poor 
filling of patent vessels (arrows) distal to graft-arterial anastomosis. 
Claudication was relieved following graft banding. 


graft. Femoral artery compression was performed to 
reduce graft input and resulted in prompt control. 

Serum hepatitis is considered a potential hazard to 
personnel working with chronic hemodialysis patients, 
although we have not encountered this problem. We 
exercise particular caution in handling syringes and 
needles used in these procedures. 


Graft Malfunction or Failure 


Graft abnormalities and factors associated with poor 
graft function or graft failure can be classified into three 
broad categories: vascular, hemodynamic, and infec- 
tious (fig. 11). Vascular abnormalities include graft 
thrombosis, graft and anastomotic stenosis, venous out- 
flow stenosis or occlusion, regional atherosclerotic ste- 
nosis or occlusion, and false aneurysm. Hemodynamic 
abnormalities include high output failure and peripheral 
ischemia due to graft "steal." The infectious category 
includes graft infection and sepsis. Angiography can 
identify and locate vascular lesions and evaluate periph- 
eral ischemia. Graft thrombosis, high output failure, and 
graft infection are diagnosed on clinical grounds. 


Vascular Abnormalities 


Graft thrombosis. Thrombosis is the most common 
cause of graft failure (tables 1 and 2) and is diagnosed 
clinically by loss of graft pulse. Arteriography may be 
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Fig. 9.—Saphenous vein loop graft with severe 
multifocal graft stenosis. Film demonstrates typical 
fate of saphenous grafts for maintenance hemodi- 
alysis. 
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Fig. 8.—Infected false aneurysm of 
occluded bovine graft; arterial injec- 
tion. A, Initial phase showing early 
filling of aneurysm (arrow). B, Inter- 
mediate phase demonstrating addi- 
tional filling. 


requested following surgical thrombectomy in an effort 
to determine the underlying cause for the graft throm- 
bosis (i.e., graft stenosis, anastomotic stenosis, or re- 
gional venous abnormality). Most thrombosed grafts can 
be reopened and should be promptly explored surgically 
through an incision near the venous end. Occasionally, 
an extremity arteriogram performed to evaluate arterial 
status will radiographically document graft occlusion. 
Obstructions are characterized by abrupt occlusion of a 
short graft segment (nubbin sign) (fig. 2). 

Graft stenosis and anastomotic stenosis. Intrinsic graft 
narrowing can occur at any point along the graft course. 
Stenoses may be focal (fig. 1B) or may involve a long 
segment of the graft (fig. 1B). Subtraction technique may 
be useful when the graft overlies bone (fig. 1B). 

Anastomotic narrowing can be considered a subtype 
of graft stenosis and is seen almost exclusively at the 
graft-venous junction. Venous-end anastomotic stenosis 
is the most common anatomic lesion leading to "graft 
hypertension" and ultimate graft thrombosis. The lu- 
minal constriction occurs at the suture line, extending a 
short distance into the adjacent vein, but principally 
narrows the graft. Anastomotic lesions create a unique 
problem in angiographic identification because of over- 
lap of the anastomosis by the draining vein. The graft- 
venous interface is only rarely seen in profile with routine 
anteroposterior filming. Steep oblique or lateral projec- 
tions are frequently necessary to adequately visualize the 
venous anastomois (fig. 3). Again, subtraction technique 
may be helpful. 

Venous outflow stenosis or occlusion. This perplexing 
vascular problem can lead to extremity edema, poor 
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TABLE 3 
Angiographic Techniques 


GRAFTS 











Direct Graft Injection 


Arterial Injection 





20-25 ml Conray 60% or Reno- 
grafin 60% or 76% 


Contrast medium ........ 


Rapid hand injection into di- 
alysis needle or standard thin- 
walled arterial needle 


Injection technique ...... 


Needle tip, venous anastomo- 
sis, regional draining veins 


Filming coverage ........ 


Radiographic projections . For graft, anteroposterior; for 
anastomosis, anteroposterior 
and oblique supplemented by 


lateral if necessary; subtrac- 


25 ml Conray 60% or Reno M 
60% with 1% Xylocaine (1 
ml/10 ml contrast medium) 

Femoral artery, direct hand or 
pressure injection; iliac ar- 
tery, contralateral femoral 
catheterization and pressure 
injection at 12 ml/sec for 2 
sec 

Proximally, anastomoses and 
regional draining veins; dis- 
tally, graft and complete ex- 
tremity runoff; supplemen- 
tary filming with graft 
compression as needed 

Same 


HT 


tion may be helpful 














Fig. 10. — Common femoral artery to common fem- 
oral vein bovine loop graft; iliac artery injection follow- 
ing catheterization from contralateral femoral artery. 
Normal loop graft; arrows indicate direction of graft 
flow. FA = common femoral artery, FV = common 
femoral vein. 


graft function, or graft failure. The lesions are most 
frequently localized a short distance beyond the level of 
the graft-venous anastomosis and occur with both upper 
and lower extremity graft placement. In the thigh, these 


stenoses have characteristically occurred at the level of 
the inquinal ligament (fig. 4). Pathologically, the venous 
narrowing is due to reactive hyperplasia and fibrosis 
related to arterial pressure effect. 

Regional atherosclerotic stenosis or occlusion. Ade- 
quate arterial inflow is a prerequisite for successful graft 
function. Regional atherosclerosis may lead to an inad- 
equate inflow and/or graft thrombosis. Alternatively, the 
atherosclerotic disease may result in peripheral is- 
chemia. Figure 5 demonstrates a patient with poor graft 
function and extremity ischemia secondary to superficial 
femoral artery occlusion proximal to the site of arterial- 
graft anastomosis. The superficial femoral artery and 
sequentially the graft fill via collateral circulation. De- 
spite maintenance of graft patency, flow rates were not 
adequate for successful dialysis. 

False aneurysm. Graft false aneurysms may be classi- 
fied by size and presence or absence of associated 
infection. Large aneurysms may be either saccular or 
fusiform (fig. 6). Small outpouching at the sites of pre- 
vious dialysis needle puncture are particularly common 
with bovine type grafts (Fig. 6). Graft hypertension is 
thought to be an important prerequisite for significant 
false aneurysm formation. 


Hemodynamic Abnormalities 


High output failure. High output failure may result 
from excessive arteriovenous shunting. The occurrence 
rate of this hemodynamic complication has been greatly 
reduced by surgical limitation of the anastomotic diam- 
eter of the arterial end of the graft at initial placement. 

Peripheral ischemia due to graft "steal." Peripheral 
ischemia may develop if there is excessive flow through 
the graft relative to arterial flow beyond the graft-artery 
anastomosis (graft steal). Ischemic symptoms are partic- 
ularly likely to occur in patients with underlying periph- 
eral vascular atherosclerosis. Figure 7 shows a large 
fraction of femoral artery flow diverted to the graft. 


1112 O'REILLY ET 





Venous stenosis 
E or occlusion 


į { 
Anastomotic 
stenosis yy 






Atherosclerotic 


stenosis or 

occlusion Aneurysm 
Graft | 
occlusion 

Graft | 

stenosis 

or kink 


Fig. 11.—Composite diagram of graft-related ab- 
normalities and factors associated with poor graft 
function and graft failure. Arrow represents excessive 
flow through graft associated with high output cardiac 
failure and graft steal. 


Claudication was present despite patent, although ath- 
erosclerotic, distal vessels. Symptomatic relief followed 
surgical banding of the graft. Prophylactic limitation of 
arterial anastomotic lumen diameter is now performed at 
initial Surgery. 


Graft Infection and Sepsis 


Perigraft infection is a serious and potentially life- 
threatening complication. Figure 8 demonstrates an in- 
fected false aneurysm at the anastomotic site of an 
occluded bovine graft. 
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Aortic Dissection Beginning in the Abdomen 


KENNETH W. SNIDERMAN,' THOMAS A. SOS,' WILLIAM A. GAY, JR., AND V. A. SUBRAMANIAN? 


Two cases of aortic dissection beginning in the abdominal 
aorta are presented, and the angiographic and surgical prin- 
ciples are discussed. Every effort must be made to identify 
the sites of all intimal tears at aortography and to excise or 
oversew these sites at surgery; otherwise, dissection may 
continue. If an intimal tear cannot be identified at aortography, 
we recommend initial conservative therapy unless the pa- 
tient's clinical condition forces emergency surgery. 


Aortic dissection beginning in the abdominal aorta is 
exceedingly rare, especially in the absence of blunt 
abdominal trauma. Preoperative identification of the site 
of intimal tear is essential to prevent catastrophic surgi- 
cal results. In the past 2 years, we have examined two 
patients with aortic dissection in whom the intimal tear 
was at or below the level of the diaphragmatic hiatus; 
the poor surgical result in the one patient who was 
operated upon attests to the importance of identifying 
the sites of intimal tears prior to surgery. 


Case Reports 
Case 1 


A 66-year-old male presented with colicky epigastric and 
chest pain radiating through to the back. Blood pressure was 
190/50 and heart rate was 120 beats/min. Lungs were clear. 
There was a grade II/VI systolic ejection murmur, heard best at 
the right sternal border, and a grade II/VI early diastolic blowing 
murmur, heard best at the left sternal border. The abdomen was 
tense, with voluntary guarding and no rebound tenderness; 
bowel sounds were decreased. The peripheral pulses were 
good. Electrocardiogram showed left ventricular hypertrophy, 
and the chest x-ray showed slight mediastinal widening. The 
provisional diagnosis was acute dissection of the thoracic aorta. 

Thoracic and abdominal aortography were performed via the 
femoral arterial approach, demonstrating aortic dissection from 
the aortic root to the aortic bifurcation. Aortic regurgitation was 
noted, and a diagnosis of DeBakey type | aortic dissection was 
made (fig. 1). Although the celiac, superior mesenteric, and 
inferior mesenteric arteries were opacified during the study, 
their origins were not seen. Initially, no site of intimal tear was 
identified. 

Surgical repair was attempted. With the patient on cardiopul- 
monary bypass, the aortic arch was cross-clamped; the ascend- 
ing aorta was divided, and no site of intimal tear was found 
during a thorough search of this region. The false lumen was 
oversewn, and a short segment of woven Dacron graft inter- 
posed. Upon releasing the aortic cross-clamp, profuse bleeding 
occurred at the distal suture line; repeated attempts to control 
this bleeding were unsuccessful, and the patient died from 
uncontrollable hemorrhage. 

Autopsy revealed a 4 cm horizontal intimal tear in the aorta at 
the level of the diaphragmatic hiatus (fig. 2); no other intimal 
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tear was found. Cystic medionecrosis was present, with medial 
dissection of the entire aorta. The proximal 6 cm of the celiac 
and superior mesenteric arteries were involved in the dissec- 
tion, and gallbladder, liver, and small bowel infarction was 
present. Only on retrospective analysis of the aortogram was 
the site of intimal tear identified (fig. 1B). 


Case 2 


A 56-year-old male was admitted electively for an abdominal 
aortogram. Seven months prior to admission, a routine barium 
enema disclosed diverticulosis; ultrasound at that time demon- 
strated an abdominal aortic aneurysm. One month before ad- 
mission, he developed severe left lower quadrant pain and loose 
stools; diverticulitis was considered, and the pain and loose 
stools disappeared after 3 days of antibiotic therapy. There was 
no history of abdominal trauma. 

Physical examination was normal; axillary and femoral pulses 
were bilaterally symmetric and normal. Blood pressure was 110/ 
70, and electrocardiogram was normal. Thoracic and abdominal 
aortography were performed via the femoral arterial approach; 
this demonstrated an aortic dissection, beginning posteriorly at 
the level of the celiac artery, with antegrade dissection in a 
spiraling manner into the left common iliac artery. There was 
good flow down both the true and false lumens. The thoracic 
aorta was normal (fig. 3). 

Since the patient was asymptomatic with normal blood pres- 
sure and good femoral pulses, a conservative approach to 
therapy was followed. He was readmitted 2 months later, and 
repeat thoracic and abdominal aortography was identical to the 
initial study. 


Discussion 


Aortic dissections are classified according to their 
origin and termination; the classification of DeBakey et 
al. [1] is useful in most cases, but fails to include 
dissections which originate at or below the level of the 
diaphragm. Although rare, these are important, for un- 
less recognized preoperatively, inappropriate surgery 
may be performed. 

Most abdominal dissections are the result of severe 
blunt abdominal trauma [2-6]; in these cases, the diag- 
nosis is usually considered preoperatively, and aortog- 
raphy confirms the diagnosis. In the absence of trauma, 
unless peripheral pulses are asymmetrically diminished, 
there may be no definite clues to such dissections. Case 
2 demonstrates this point well, since clinically the patient 
was thought to have diverticulitis; only abdominal ultra- 
sound led the clinicians to suspect a vascular problem, 
and even then an abdominal aortic aneurysm was sus- 
pected, not a dissection. The final diagnosis surprised 
everyone. . 
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Although the reported incidence of dissections which 
begin in the abdomen is 2%-4% [7-9], many large series 
do not include primary abdominal dissections [1, 10]. In 
a review of 394 cases by Hirst et al. [7], 10 had an initimal 
tear located only in the abdomen. In a general autopsy 
review, Burch and DePasquale [11] found only six pri- 
mary abdominal aortic dissections among 26,554 autop- 
sies. Case reports are a rarity [12, 13]; the three cases 
described by Weston and Ardagh [18] form the largest 
antemortem study with radiographic documentation. 
However, their cases may not represent primary abdom- 
inal aortic dissections since the arteriographic studies 
did not include the suprarenal aorta. 


Fig. 1.— Case 1. A, Arch aortogram, right posterior oblique view. True 
lumen of aorta is opacified and is narrowed just distal to left subclavian 
artery. False lumen is not opacified. Intercostal arteries do not fill. B, 
Abdominal aortogram, anteroposterior view, early arterial phase, with 
catheter at level of diaphragm. Both true and false lumens are opacified, 
and site of intimal tear is identified (arrow). C, Abdominal aortogram, 
mid arterial phase. Intimal flap is visualized in mid aorta (arrow). Celiac 
and superior mesenteric arteries are filled, but their origins are not seen. 


Important radiologic and surgical principles are dem- 
onstrated by our case 1, principles noted but not empha- 
sized in the literature [1, 14-20]. Every effort should be 
made to identify the site of all intimal tears preopera- 
tively. This necessitates biplane angiography with rapid 
filming. Retrograde as well as antegrade dissection is a 
common occurrence. This has been noted in previous re- 
ports [8], and our restatement is only to reemphasize 
the importance of a thorough search for the sites of 
intimal tears; an intimal flap seen on an aortogram may 
be the result of antegrade dissection from a proximal 
tear, or retrograde dissection from a tear distally in the 
aorta. This becomes important surgically; the operative 
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Fig. 2.—Case 1. Pathologic specimen of aorta at level 
of diaphragmatic hiatus. Note horizontal tear in intima. No 
other intimal tear was found at autopsy. 


aortic transection must be at the site of the intimal tear 
in order to include this site while oversewing the false 
lumen. If located elsewhere, the dissection process may 
continue in spite of surgical obliteration of the false 
lumen. The intimal tear will remain, and significant 
bleeding into the false lumen may continue. In our 
case 1, the intimal tear in the distal aorta allowed 
continued retrograde dissection, and bleeding contin- 
ued from the distal sutures of the graft. The surgical 
procedure (and perhaps the outcome) might have been 
drastically altered had the origin of the dissection been 
appreciated preoperatively. 

An increased mortality rate is noted in dissections in 
which the false channel opacifies [17]. It is probable that 
the majority of these have single or multiple reentry 
points, allowing blood flow in the false channel: blood 
will not flow in a cul-de-sac, and, in this instance, the 
likelihood of thrombosis of the false channel is in- 
creased. Theoretically, all entry and reentry points must 
be surgically excised or oversewn, or the risk of contin- 
ued dissection remains high. This is one reason for the 
continued high mortality rate from this disease in the 
face of seemingly adequate surgical treatment [14]. 

In a small percentage of dissections, no intimal tear 
can be demonstrated pathologically [7, 21. 22]. It is 
conceivable that our case 1 originated as an intramural 
hematoma at the aortic root, with antegrade dissection 
and an abdominal aortic reentry point; even so, the 
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important radiologic and surgical principles noted above 
remain pertinent. It is the tear in the abdominal aorta 
which must be recognized at angiography and dealt with 
at surgery, or dissection will continue. 

In our opinion, it is reasonable to institute conservative 
therapy initially in all patients in whom continuing flow 
in the false lumen is demonstrated, but only a single site 
of intimal tear is identified by aortography. Indications 
for emergency surgery include cardiac or cerebral is- 
chemia, significant aortic regurgitation, and progression 
of the dissection despite medical treatment [10]. 

The angiographic signs of abdominal aortic dissec- 
tions are identical to those of thoracic dissections: (1) 
visualization of a site of intimal tear; (2) opacification of 
a false lumen; (3) visualization of the intimal flap; (4) 
compression of the true lumen by the false lumen; (5) 
abnormal catheter position, and (6) branch involvement 
(lack of filling or retrograde filling). Thickening of the 
aortic wall cannot be appreciated in the abdomen. 
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Fig. 3. — Case 2. A, Descending thoracic aor- 
togram, right posterior oblique view. Lumen is 
normal in diameter, and intercostal arteries are 
all present. Normal study. B, Abdominal aorto- 
gram, anteroposterior view, mid arterial phase. 
Both true and false lumens are opacified, with 
compression of true lumen. Arrow shows inti- 
mal flap. C, Abdominal aortogram, lateral view, 
early arterial phase. Origin of dissection (long 
arrow) and intimal flap (short arrow) are well 
visualized. 
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Angiography of Extremity Masses in Children 


PHILIP STANLEY' AND JOHN H. MILLER’ 


Arteriography has proved useful in evaluating 24 children 
with soft tissue extremity masses. In all cases, it was possible 
to distinguish between benign and malignant tumors. The five 
patients with malignant tumors had increased vascularity with 
coarse irregular vessels and irregular tumor staining. Arterio- 
venous shunting was present in three of these five. In addi- 
tion, clinically unsuspected satellite tumors (local metastases) 
were seen in two patients. Arteriography in 19 patients with 
benign conditions was characteristic. Benign tumors of non- 
blood vessel origin (five) showed only arterial displacement 
but no pathologic circulation. Five hemangiomas and six 
arteriovenous malformations were easily distinguished; char- 
acteristic appearances were present in three patients with 
miscellaneous benign masses. 


Extremity masses in children provide a diagnostic and 
therapeutic challenge. The nature and anatomic extent 
of the tumor may not be obvious clinically. Arteriography 
can provide this information in addition to demonstrating 
surgically important vascular anatomy and the most 
suitable site for biopsy. We review our arteriographic 
experience with 24 children with soft tissue extremity 
masses seen at Childrens Hospital of Los Angeles over 
the past 4 years. 


Case Material 


A total of 13 males and 11 females were studied 
ranging in age from 1 day to 18 years. All patients had 
routine radiographs of the involved extremity. Selective 
arteriography was performed using a catheter intro- 
duced by a modified percutaneous Seldinger technique 
into the femoral artery. Rapid sequence filming tech- 
nique was used. Simultaneous use of pharmacological 
agents with arteriography was not employed in this 
series and venography was not performed. 


Findings 


The series included five malignant tumors, five benign 
tumors of non-blood vessel origin, six arteriovenous 
malformations, five hemangiomas, and three miscella- 
neous masses (table 1). Relevant clinical details and 
radiologic findings of the malignant and benign (non- 
blood vessel origin) tumors are summarized in table 2. 

Histologic confirmation was obtained in all but two 
patients. In one, a large arteriovenous malformation was 
confirmed at surgery but not biopsied. The other patient 
with a hemangioma had characteristic clinical features 
of skin discoloration and swelling present since birth. 
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Plain Radiographs 


All patients had abnormal plain film findings. Moder- 
ately poorly defined soft tissue masses were seen on the 
plain film radiographs in four of five patients with malig- 
nant tumors; the fifth was well delineated (case 5). Of 
these, four had poorly defined amorphous nodular and/ 
or curvilinear calcification within the mass (fig. 1A). 

Permeative cortical bone destruction with irregular 
periosteal new bone formation was seen in one patient 
with a large soft tissue extension from a chondrosar- 
coma. The others demonstrated no bony changes. 

Of five patients with benign tumors (cases 6-10), a well 


TABLE 1 
Types of Extremity Masses 








Tumors No 





Malignant tumors: 


Chondrosarcoma ......... ees 1 
Rhabdomyosarcoma .............. 2 
Malignant schwannoma ........... 1 
Malignant mixed mesenchymal tu- 

Rin cktycee ERÉZUI EM SATA 1 


Benign tumors and allied conditions: 
Non-blood vessel origin: 


Neurofibroma ..... eor rmn 1 
MysxofibroOlDOma ... orco anos 1 
LymohandiDITI 1ssescecerepp Ra 3 


Blood vessel origin: 
Hemanglomü «ueocerkkRu IR RIA 5 
Arteriovenous malformation ..... 6 
Parkes-Weber syndrome ........ 1 
Localized gigantism (hemangio- 
malous TOI) er 1 
Posttraumatic aneurysm......... 1 





defined or moderately well defined mass of slightly 
increased radiographic density was seen in four. In a 
fifth patient with a myxofibrolipoma, the tumor was of 
diminished radiographic density with well delineated 
boundaries (fig. 2A). Overgrowth of the leg was present 
with a popliteal fossa neurofibroma. 

In two patients with arteriovenous malformations, 
bony overgrowth was noted; in one of these, cortical 
scalloping was present. Bowing of the fibula was seen in 
a patient with an extensive cavernous hemangioma of 
the lower leg and foot. Bony overgrowth and an increase 
in subcutaneous soft tissue was present in two patients, 
one with Parkes-Weber syndrome and the other with the 
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TABLE 2 


Clinical and Radiologic Findings in Malignant and Benign (Non-Blood Vessel Origin) Tumors 





























Arteriogram 
Case No. = Plain Films Arterial Arterial Tumor Arteriove- Histology 
Displace- Neovascu- Stain nous Satellite 
ment larity Shunting 
Malignant tumors: 
i E EEEE E EEA tF Calcification; bone + + + + ~ Chondrosarcoma 
destruction 
M AE EELE EESE EE 16, F Calcification + + + + = Malignant schwannoma 
E EL E E 14, M Calcification + + ++ ++ = Rhabdomyosarcoma 
Wm E ah EE PEET 3, F Soft tissue mass + F + - 4 Rhabdomyosarcoma 
 -——— Hn yeed< "NE Calcification + + 7 — + Malignant mixed mesen- 
chymal tumor 
Benign (non-blood vessel 
origin): 
A ESEE SEA 5, M Well defined mass; t a - = Lymphangioma 
increased density 
eee ert eee Mesa 2,M Well defined mass; + = = = = Lymphangioma 
increased density 
M ones tees pees 2,M Well defined mass; + = = z = Lymphangioma 
increased density 
M farce 9a Ad PRIM ER 4. M Moderately defined + — - = = Neurofibroma 
mass; increased 
density 
(LO EOE IEA E EAR AH Well defined mass; - a = = = Myxofibrolipoma 


decreased density 





hemangiomatous form of localized gigantism of the foot. 
Phleboliths were seen in a patient with a cavernous 
hemangioma (fig. 3A). No other instance of calcification 
or ossification was associated with the benign masses. 


Arteriography 


The benign and malignant masses in this series could 
easily be separated by arteriography. In addition to major 
arterial displacement by the mass, all five malignant 
tumors exhibited arterial neovascularity. These new ves- 
sels pursued a tortuous course, exhibited variations in 
caliber, and lacked normal tapering (fig. 1B). A varie- 
gated tumor stain was seen in all five patients. Pooling in 
sinusoidal lakes was seen in one patient, and three had 
marked arteriovenous shunting (fig. 1C). Arteriography 
showed the tumor to be moderately well circumscribed 
in three patients (cases 2, 4, and 5) but poorly delineated 
in two (cases 1 and 3). In all five patients, arteriography 
not only demonstrated that the tumor was malignant but 
also that its exact extent was greater than clinically 
suspected. In the patient with chondrosarcoma, arteri- 
ography showed the need for a hindquarter amputation 
rather than a disarticulation as had been contemplated. 
In addition, unsuspected satellite extensions of the tu- 
mor were demonstrated in two patients (cases 4 and 5), 
enabling complete surgical excision (fig. 4). 

The five benign neoplasms showed major arterial dis- 
placement with draping of vessels around the tumor 
mass (figs. 2B and 5). In no case wa$ arterial neovascu- 
larity or a tumor stain seen. 

The arteriographic findings varied in the 14 patients 
with masses of blood vessel origin. Six patients with 
arteriovenous malformation showed arterial hypertrophy 


with immediate venous filling. Emergency brachial artery 
ligation was performed on the first day of life in a 
newborn with cardiac failure due to a right arm arteriove- 
nous malformation. Failure to respond prompted arteri- 
ography the following day, which revealed other large 
feeding vessels (fig. 6). Clinical improvement followed 
further surgery. In the hemangiomas, increased vascu- 
larity was seen. These arteries were of fine caliber with 
smooth walls and an orderly distribution. No arteriove- 
nous shunting was observed. Vascular pooling of con- 
trast material was seen in the patient with a cavernous 
variety of hemangioma (fig. 3B). 

Feeding arteries and the exact limits of an aneurysm 
were demonstrated by arteriography in a palmar mass of 
a boy who had been stabbed in the same region 3 weeks 
previously (fig. 7). A patient with localized gigantism 
demonstrated a diffuse increase in arterial vascularity, 
as was present in the patient with Parkes-Weber syn- 
drome (fig. 8). 


Discussion 


Some information regarding the nature and extent of 
an extremity tumor can be gained from the plain films. 
Irregular amorphous calcification suggests malignancy, 
while well defined dense calcification is compatible with 
a benign process [1]. Phleboliths indicate a vascular 
process [2]. The tumor interface is usually preserved with 
benign tumors and indistinct with malignant invasion or 
inflammation [1], although in a patient with a malignant 
mixed mesenchyme tumor the mass was well defined. 
However, the interface may not be visualized even in two 
projections if the central ray is not parallel to the plane 
of separation [1]. Bony overgrowth and deformity sug- 
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Fig. 1.— Case 3. A, Plain film showing nodular calcification within left 


buttock mass. B, Selective external iliac arteriogram, arterial phase, 


revealing highly vascular tumor supplied by gluteal arteries with early 
venous drainage. C, Venous phase showing irregular tumor stain. Histol- 
ogy revealed rhabdomyosarcoma. 


gest benignity, whereas irregular periosteal new bone 
formation and permeative destruction indicate malig- 
nancy [1]. 

In this series, malignant and benign processes could 
always be separated by arteriography. The malignant 
tumors all had arterial neovascularity with coarse irreg- 
ular vessels. The arterial neovascularity which has been 
previously reported to occur in inflammatory masses, 
posttraumatic myositis ossificans, and some benign tu- 
mors, particularly hemangiomas, usually but not invari- 
ably consists of fine vessels with smooth walls and a 
more orderly distribution. In addition, intravascular pool- 
ing of contrast and arteriovenous shunting are usually 
not associated with these benign entities [3, 4]. Also, as 
noted in our series, benign hemangiomas are usually 
present from early infancy and have associated skin 
discoloration [5, 6]. With the five benign masses not 
primarily of blood vessel origin, arteriography showed 
arterial displacement by the tumor but no pathologic 
circulation or tumor stain. However, the occasional ma- 
lignant tumor, if relatively hypovascular, could have a 
similar appearance [7]. 

The prognosis is dependent upon the most malignant 
component of the tumor. Angiography aids in the selec- 
tion of a biopsy site. Biopsy of the most vascular part of 
a heterogeneous tumor will reveal the most aggressive 
element [8, 9]. In addition, angiography will forewarn the 
surgeon of potential hemorrhage from a highly vascular 
tumor [10]. The primary therapy of malignant masses is 








complete surgical excision. Angiography provides useful 
preoperative demonstration of the extent of the tumor 
and satellite extensign which cannot be assessed clini- 
cally [7]. The accurate delineation of the tumor by arteri- 
ography demonstrates the level of amputation (case 1) 
so that the tumor bed is not transgressed [10]. In addi- 
tion, demonstration of displacement of the major arteries 
is useful to the surgeon preparing for radical excision. 
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Fig. 2.—Case 10. A, Plain film 
demonstrating well defined left 
thigh mass of diminished radio- 
graphic density. B, Arteriogram 
showing displacement of popliteal 
artery around mass but no patho- 
logic circulation. Histology revealed 
a myxofibrolipoma. 


Fig. 3. — 4-year-old girl with heman- 
gioma. A, Plain film showing lobulated 
mass with phlebolith. B, Arteriogram 
demonstrating pooling in extensive 
multifocal cavernous hemangioma. 
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Fig. 4. — Case 5. Arteriogram showing vessel displacement and arterial 
neovascularity with left axillary mass. Note satellite tumor in left supracla- 
vicular fossa. Histology showed malignant mixed mesenchyme tumor. 





Fig. 5.—Case 7. Arteriogram demonstrating vessels draped around 
avascular mass with some compression of adjacent muscle. Histology 
showed lymphangioma. 


The ability of arteriography to detect local tumor recur- 
rences has been recorded [3]. In one patient with a soft 
tissue mass at the site of a previously excised heman- 
gioma, arteriography showed a very small recurrent 





Fig. 6. —Arteriogram in 1-day-old male showing large arteriovenous 
malformation with ligation of one feeding vessel (arrow). Note other 
hypertrophied branches from brachial artery. 


Fig. 7. — 13-year-old boy who was stabbed in palm. Arteriogram show- 
ing two digital arteries displaced by posttraumatic false aneurysm 
Contrast material is diluted by unopacified blood within aneurysm 


hemangioma which could not be palpated through the 
overlying scar tissue. 

Arteriography provides the therapeutically important 
distinction between arteriovenous malformation and he- 
mangiomas [5], as well as identifying the major feeding 
vessels for possible ligation or thrombosis by catheter- 
introduced emboli. Demonstration of two digital arteries 
supplying a posttraumatic aneurysm enabled complete 
excision without extensive dissection and minimized 
the risk of rupture. In two patients with Parkes-Weber 
syndrome and localized gigantism, arteriography dem- 
onstrated no localized tumor or arteriovenous malforma- 





m Tin Tay 


|——— TO Boa ale 











1124 


Fig. 8. — 9-month-old male with diffuse capillary hemangioma (Parkes- 
Weber syndrome). Arteriogram showing diffuse increase in vascularity. 
Note leg lengthening and increase in soft tissue thickness. 
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tion. However, diffuse increase was noted in the soft 
tissues with accompanying hypervascularity. 

Our series has demonstrated that arteriography is a 
useful procedure in the evaluation of extremity masses 
in children. The distinction between benign and malig- 
nant tumors can be made in the majority of patients 
because of different arteriographic characteristics. In 
addition, arteriography can define the exact extent of the 
tumor as well as clinically unsuspected satellite exten- 
sion. The most suitable site for biopsy may be demon- 
strated as well as the surgically important major arterial 
anatomy. 
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Craniocaudal Axial View of the Sacroiliac Joint 


MICHEL A. DORY' AND ROBERT J. FRANCOIS? 


A technique that provides a craniocaudal axial view of the 
sacroiliac joint is described. This technique gives information 
about the ventral aspect of the sacroiliac joint, particularly at 
the level of the pelvic brim. It can demonstrate extraarticular 
ventral ankylosis of the joint, which is not visible or only 
suspected on anteroposterior films. In osteitis condensans 
ilii, it shows the thickness of the involved iliac bone. It is very 
useful for the accurate localization of paraarticular changes. 


In current practice, radiologic examination of the sacro- 
iliac joints is generally restricted to anteroposterior or 
posteroanterior projections [1]. Conventional radio- 
graphs and tomograms do not yield accurate information 
about the anterior articular margins. To explore the 
ventral aspect of the sacroiliac joints, a craniocaudal 
view is needed. 
Technique 


Each sacroiliac joint is examined separately. The pa- 
tient sits on the x-ray table dangling his legs and flexing 
his trunk slightly forward. Under fluoroscopic control, 
the tube is angled 10°-20° (fig. 1) in order to direct the 
beam along the craniocaudal axis of either sacroiliac 
joint. A high kilovoltage technique (125 kV) is required. 
High speed screens are used to reduce the irradiation. 
The measured gonadal irradiation in the male is 2-5 
mrad. 

Results 


Normal Sacroiliac Joints 


The craniocaudal axial view of a normal right sacroiliac 
joint is depicted in figure 2. The anterior part of the joint, 
at the level of the linea terminalis pelvis or pelvic brim, is 
clearly visualized. The ventral cortex and the subchon- 
dral bone are more developed on the iliac than on the 
sacral side. 

To ascertain which level of the joint is examined, a 
macerated pelvis was photographed (fig. 3) and radio- 
graphed (fig. 4). A metallic ring is placed at the most 
prominent point of the ventral face of the right sacroiliac 
joint, which is at the pelvic brim (figs. 3A and 3B). As can 
be seen on the profile of the isolated sacrum (fig. 3C), 
the pelvic brim runs at the anterosuperior angle of the 
auricular surface. 

On the anteroposterior radiograph of that sacroiliac 
joint (fig. 4A), the metallic ring is projected somewhere 
in the middle third, depending on the degree of inclina- 
tion of the pelvis. A craniocaudal axial view of the same 
macerated bones (fig. 48) demonstrates how the pelvic 
brim is seen tangentially by this technique. 
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Ventral Extraarticular Ankylosis 


Craniocaudal axial views of the sacroiliac joint can 
demonstrate ventral extraarticular ankylosis, which is 
not visible or only suspected on the anteroposterior 
projections (fig. 5). Complete or incomplete extraarticu- 
lar bridges can occur anywhere around the sacroiliac 
joints. Cranially and caudally, they are readily visualized 
by conventional frontal techniques (figs. 6 and 7). The 
ventral ossifications are sometimes associated with the 
cranial ones (fig. 6) but are clearly distinct from them 
(figs. 5-7). 

When very thick and bulging, ventral extraarticular 
ossifications are visible on the anteroposterior radio- 
graphs as rounded, well defined areas of opacity 
(fig. 8). The craniocaudal axial technique allows the 
differentiation of this extraarticular ankylosis from in- 
traosseous bone sclerosis. 


Osteoarthritis 


Sacroiliac osteoarthritis is mainly characterized by 
subchondral sclerosis of both sacral and iliac bones, and 
by osteophytes (fig. 9). Ventral osteophytes, revealed by 
the craniocaudal axial projection, contribute signifi- 
cantly to the narrow paraarticular density of the antero- 
posterior view. 


Osteitis Condensans llii 


In osteitis condensans ilii (fig. 10), the craniocaudal 
axial view displays the bony sclerosis. It shows that the 
condition is confined to the iliac bone and demonstrates 
the extent. The lesion is not always as sharply demar- 
cated as in figure 10. 


Ankylosing Spondylitis and Related Diseases 


The early sacroiliac changes of ankylosing spondylitis 
can be demonstrated on craniocaudal axial projections 
as erosions and paraarticular sclerosis (figs. 11 and 12). 
Initially they are more pronounced on the iliac side of the 
joint. In the advanced stage, the craniocaudal axial view 
is difficult to perform since trabecular bridging has 
occurred and the articular margins are no longer visible 
under fluoroscopy. The presence and eventual extent of 
bony fusion in the posterior ligamentous area can be 
noted. 


Paraarticular Bone Changes 


A cystlike lesion was shown by the craniocaudal axial 
technique to lie poséeriorly in the iliac bone, much more 
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so than would be expected by the anteroposterior view joint, which is located by palpation.” Our technique, 
(fig. 13). The same applies for tumors and abscesses. based on the same principle, differs on two points: (1) it 
l l is easier and more accurate due to the use of fluoro- 

Discussion scopic control and a tiltable tube (equipment not avail- 


Our craniocaudal axial technique for the sacroiliac 
joint is easy to perform and gives an original approach to 
the ventral aspect of the joint and the retroarticular 
space. As far as we know, no such view has been 
described in the English language medical literature. 

In 1943 Ledoux- Lebard and Garcia-Caldéron [2] stated 
that “axial views of the sacroiliac joint can also be 
obtained on patients, sitting on the table, with the trunk 
rather strongly flexed forward, by elevating the ischial 
tuberosity in order to bring the joint space in the vertical 
plane. The beam is centered vertically on the sacroiliac 
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Fig. 1.— Position of patient for craniocaudal axial view of left sacroiliac Fig. 2.—Craniocaudal axial view of normal right sacroiliac joint. 
joint. Anterior aspect of joint (arrow) well demarcated. Overlapping of ischio- 
pubic ramus and sacroiliac joint should be avoided. 





e 
Fig. 3. — Photographs of macerated pelvis showing relation of pelvic brim (arrows) to right sacroiliac 
joint. A, Frontal view. B, Slightly oblique view. C, Profile of sacrum. Metallic ring is placed on most 
prominent part of sacroiliac joint, that is, where pelvic brim (arrows) crosses anterosuperior angle of 


sacral articular surface (open arrow). 
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Fig. 4.—Radiographs of macer- 
ated pelvis showing projection of 
metallic ring indicating pelvic brim. 
A, Anteroposterior view. Ring is pro- 
jected on middle third of sacroiliac 
joint. B, Craniocaudal axial view. 
Ring is seen tangentially. 


Fig. 5.—74-year-old male with 
vertebral ankylosing hyperostosis; 
right sacroiliac joint. A, Anteropos- 
terior view with normal appearance. 
B, Craniocaudal axial view showing 
extensive ventral bridge (arrows). 


able in 1943); and (2) the trunk should not be flexed 
"rather strongly" forward, since in such position, the 
ischiopubic ramus and sacroiliac joints would be super- 
posed. 

Perles et al. [3] proposed a vertical view of the sacrum, 
in patients lying supine, displaying both sacroiliac joints. 
Since sacroiliac joints are slightly oblique in the coronal 
plane, this projection is not really axial. Moreover, it 
requires an extreme lumbar lordosis, impossible in el- 
derly people or many patients suffering from lumbosac- 
ral pathology. 

Ventral extraarticular ankylosis of the sacroiliac joints 
has been found commonly in elderly people by authors 
studying the gross or microscopic appearance of these 





joints [4-11]. This concept has not gained wide accept- 
ance among clinicians and radiologists, due to the lack 
of a suitable radiologic technique for demonstrating 
these lesions. Their real pathologic significance re- 
mains to be determined. Together with the other (cranial 
or caudal) paraarticular bone bridges, they are currently 
considered as degenerative phenomena, associated with 
sacroiliac osteoarthritis [12], vertebral ankylosing hyper- 
ostosis [1], or mechanical stresses [1]. It is also our 
impression that they are more frequent in vertebral 
ankylosing hyperostosis. In addition, the lesion was 
found in some of our patients who had sustained serious 
trauma. 

Thick, bulging. ventral bony appositions are seen on 
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anterosuperior films as round opacities (fig. 8) not differ- 
ent from localized intraosseous sclerosis, such as the 
osteitis sacroiliaca circumscripta described by Dihlmann 
and Schuler [13]. The craniocaudal axial view will differ- 
entiate between intra- and extraosseous opacities more 
quickly and economically and with less radiation expo- 
sure than tomography. Flat ventral sacroiliac bridges are 
only suspected on anterosuperior radiographs as a lo- 
calized blurring of the joint margins or may not even be 
seen at all (fig. 5). 

On the craniocaudal axial projection, it is clear that the 
narrow "subchondral" density, seeh on frontal projec- 
tions of osteoarthritic sacroiliac joints, is not only due to 
sclerosis of bone but also to the ventral osteophytes. In 
osteoarthritis, the sacral margin, which normally looks 
less dense than the iliac margin, also becomes sclerotic. 
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Fig. 6.—56-year-old male with 
vertebral ankylosing hyperostosis; 
left sacroiliac joint. A, Anteroposte- 
rior view disclosing ossification su- 
periorly (arrow). B, Craniocaudal ax- 
ial view showing ventral ossification 
as well (arrows). 


Fig. 7.—34-year-old male who 
sustained traffic injury 5 years ear- 
lier; right sacroiliac joint with supe- 
rior but no ventral extraarticular an- 
kylosis. A, Anteroposterior view ex- 
hibiting bridging superiorly (arrows). 
B, Craniocaudal axial view showing 
no ventral ossification. 


The intensity of osteitis condensans ilii is related to the 
area and to the depth of involved bone. The latter point 
is nicely shown by the craniocaudal axial projection. 

The craniocaudal axial view is not superior to the 
anteroposterior in demonstrating the sacroiliitis of anky- 
losing spondylitis and related conditions. Our technique 
confirms that the early changes are more likely to be 
found on the iliac side, a fact already known to Boland 
and Shebesta [14] and noted in most monographs and 
textbooks on this subject. 

The significance of the craniocaudal axial view for 
paraarticular lesions such as cysts, tumors, or abscesses 
lies in improved localization for proper surgical ap- 
proach. Optimal radiologic imaging requires paired 
right-angle views of a structure. The craniocaudal axial 
view provides this for the sacroiliac joints. 














Fig. 8.—56-year-old male with 
low back pain; left sacroiliac joint. 
A, Anteroposterior view showing 
round sharply delineated opacity of 
middle part of joint. B, Craniocaudal 
axial view demonstrating osseous 
bridge bulging ventrally at pelvic 
brim. 


Fig. 9.—69-year-old female with 
sacroiliac osteoarthritis; left sacroil- 
iac joint. A, Anteroposterior view 
showing very sclerotic margins of 
joint. B, Craniocaudal axial view 
demonstrating subchondral density 
and osteophytes (arrow) as well. 


Fig. 10.— 39-year-old female with 
osteitis condensans ilii; right sacro- 
iliac joint. A, Anteroposterior view. 
B, Craniocaudal axial view showing 
depth of sclerosis and small iliac 
osteophyte (arrow). 
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Fig. 12.— 23-year-old male with bilateral sacroiliac 
arthritis; left sacroiliac joint which was normal 3 years 
earlier. Craniocaudal axial view showing erosions and 
sclerosis of iliac margins; normal appearance of sacral 
side. 
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Fig. 13.—35-year-old male with 
low back pain; right sacroiliac joint. 
A, Anteroposterior view showing 
cystlike lesion on iliac side of joint. 
B, Craniocaudal axial view allowing 
correct localization of lesion (ar- 
rows). 





1979 ARRS Meeting 


Advance information of the 79th annual meeting of the 
American Roentgen Ray Society appears on page 1005 
of the May issue. 
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Migrating Bone Shards in Dissecting Charcot Joints 


D. M. FORRESTER' AND GEORGE MAGRE? 


Extensive periarticular calcification is characteristic of 
Charcot joints. Fragmentation of the articular margins of bone 
contributes to the bony detritus, but the majority forms de 
novo in the joint capsule. Occasionally the calcific debris is 
seen far removed from the joint. Dissection of a chronically 
distended joint along muscle planes is most commonly asso- 
ciated with the inflammatory joint disease of rheumatoid 
arthritis. Its occurrence in Charcot joints is documented by 
arthrography, which demonstrates continuity of the joint 
space and the distant calcifications. 


Calcification of soft tissues is one of the characteristic 
findings of a Charcot joint [1-3]. Both fragmentation of 
the articular surfaces of bone as well as de novo bone 
formation contribute to the extensive periarticular calci- 
fication. Occasionally, the typical bone shards of a Char- 
cot joint are found far removed from the joint itself [4]. 
Their relationship to the joint and its synovial lining is 
documented by the following three cases. 


Case Reports 
Case 1 


A 2 week history of pain and swelling of the knee was elicited 
from a 52-year-old Mexican male. Radiographs revealed a mas- 
sive joint effusion and signs of mild "degenerative joint disease" 
(fig. 1A). Two months later films demonstrated destruction of 
the medial tibial condyle and development of typical intraarti- 
cular bone shards of a Charcot joint (figs. 18 and 1C). The 
lateral view showed a large effusion and bone fragments in the 
suprapatellar and popliteal area of the joint. Serosanguinous 
fluid was aspirated from the joint. No infectious organism was 
cultured, and examination for crystals was negative. The sero- 
logic tests for syphilis were positive. 


Case 2 


A 42-year-old Mexican heavy laborer complained of mild pain 
and swelling of his shoulder with increasing difficulty in lifting 
heavy objects over a 3 week period. A film of his shoulder 
demonstrated complete destruction of the proximal humerus. 
Calcific fragments were present in the joint, beneath the cora- 
coid process, and adjacent to the medial aspect of the upper 
arm (fig. 2A). Serosanguinous fluid (150 ml) was removed from 
the joint. Introduction of contrast material at the time of synovial 
biopsy showed extension of the joint inferiorly and medially to 
encompass the calcifications (fig. 2B). The biopsy demonstrated 
calcification and dead bone consistent with a Charcot joint. 
Neurologic examination disclosed a defect at the level of the 
third cervical vertebra, presumably from a syrinx of the spinal 
cord, too small to be visualized by myelography or computed 
tomography. 
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Case 3 


A 62-year-old female with a 25 year history of syringomyelia 
noted sudden swelling of her left elbow. The initial film was 
interpreted as showing “degenerative joint disease" with prom- 
inent osteophytes (fig. 3A). Four weeks later, there was dramatic 
and rapid change of the joint: complete disorganization, mas- 
sive soft tissue swelling, fragmentation of the articular surfaces, 
and ectopic bone formation (fig. 3B). The findings are classic of 
the rapidly disintegrating Charcot joint [5]. Many of the bone 
fragments were far removed from the elbow joint. Biopsy 
confirmed them to be within synovium, and an arthrogram (fig. 
3C) documented dissection of the joint into the forearm to 
encompass the bone shards. 


Discussion 


Rapid disintegration is characteristic of a Charcot 
joint. Norman et al. [6] reported eight patients who 
demonstrated severe destructive changes developing in 
as little as 9 days to 6 weeks. Delay in diagnosis occurred 
because of misinterpretation of the original films in all 
eight cases. He speculated that the catastrophic joint 
destruction resulted from lack of joint protection of the 
neuropathic part. However Knaggs [7. 8] reported a 
patient who, following mild trauma to the knee, had 
bedrest for 6 weeks. Despite lack of repeated trauma, the 
typical picture of a fragmented, disorganized Charcot 
joint resulted. 

Periarticular bone fragments are as characteristic of a 
neuropathic joint as the propensity to rapid disintegra- 
tion. Although some of the calcific particles originate as 
fragments of bone from the articular surfaces of the 
adjacent bones, Lloyd-Roberts [9] demonstrated diffuse 
metaplasia of the synovial membrane with formation of 
cartilage and calcification of cartilage within the deeper 
layers of synovium. 

Migration of the periarticular bone shards along the 
path of least resistance (the muscle planes) has been 
proposed by Harrison [4] as the explanation for calcifi- 
cation distant from a neuropathic joint. The three cases 
which we present document the synovial origin of the 
bone shards and their continuity with the joint space 
despite their disparate location. In the first case, the 
bone shards were seen in a popliteal cyst, in the second 
they had migrated down the arm away from the axial 
pouch of the shoulder joint, and in the third example, 
the elbow joint had dissected down the forearm. 

It is well recognized that a joint chronically distended 
from fluid dissects down muscle planes, presenting 
clinically as soft tissue swelling, seemingly unrelated to 
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Fig. 1.—Case 1. A, Minimal narrowing and osteophyte 
formation of medial compartment. B, Fragmentation of 
medial tibial plateau 2 months later. C, Lateral view showing 
typical bone shards of Charcot joint in suprapatellar, infra- 
patellar, and popliteal regions (arrows). 





Fig. 2. —Case 2. A, Massive soft tissue swelling and complete destruction of proximal humerus with calcific fragments be- 
neath coracoid process and proximal third of humerus. B, Contrast material injected into glenohumeral joint beginning to fill 
inferior extension of joint. 


MIGRATING BONE SHARDS IN CHARCOT JOINTS 





Fig. 3.— Case 3. A, Severe “degenerative joint disease" 
of elbow with narrowing and prominent osteophytes. B, 
Rapid disintegration of joint and classic findings of neuro- 
pathic arthropathy 4 weeks later. C, Arthrogram demonstrat- 
ing dissection of elbow joint down forearm. Contrast mate- 
rial surrounds bone shards. 


the joint. The dissecting popliteal cyst in rheumatoid 
arthritis is the most well known example [10, 11]. Occa- 
sionally, patients with rheumatoid arthritis develop dis- 
section of the elbow joint into the muscle planes of the 
forearm, downward dissection of the shoulder joint, or 
synovial cysts of the hip joint presenting as a groin mass 
[12-14]. Dissecting popliteal cysts have been reported in 
gout [15] and with the noninflammatory effusions of 
osteoarthrosis of the knee. Three recent cases of tuber- 
culous arthritis of the knee and one of the hip presented 
as cysts, far removed from the actual joint, documenting 
chronic effusions from infectious disease as a cause of 
dissecting joint capsules (unreported cases, Los Angeles 
County-USC Medical Center). 

One of the characteristic features of a Charcot joint is 


the persistent and usually massive noninflammatory ef- 
fusion of the involved joint. It is not surprising that 
dissection of the chronically distended neuropathic joint 
occurs in a similar fashion to the other arthritides asso- 
ciated with chronic joint effusions. Migration of syno- 
vium has been documented by biopsy of the cysts in 
patients with rheumatoid arthritis [10, 14]. In a similar 
manner, extension of the joint along muscle planes in 
patients with a Charcot joint results in synovium and 
bone shards far removed from their site of origin. 
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Retropharyngeal Tendinitis 


COSMO L. HAUN' 


The tendon of the longus colli muscle is an unusual location 
for a common condition. Acute inflammation with calcareous 
deposits is similar in radiographic and clinical presentation 
to acute calcific tendinitis in common locations, such as the 
supraspinatus tendon in the shoulder. The radiographic find- 
ing is characteristic amorphous calcification localized anterior 
to C1 with associated swelling of the prevertebral soft tissues 
from C1 through C4. After the acute phase, calcification 
becomes more poorly defined and begins to resorb, with 
resorption usually complete by 1-2 weeks. The clinical feature 
is rather sudden onset of severe pain in the neck and throat 
aggravated by swallowing and movement of the head; this 
may be associated with mild fever and elevation of sedimen- 
tation rate. Pain reaches a maximum at 2-5 days, then gradu- 
ally subsides, usually completely by 1-2 weeks. 


Introduction 


Calcific retropharyngeal tendinitis is a little known but 
not extremely rare condition. Previous reports have been 
sketchy and obscure. This paper describes the charac- 
teristic radiographic findings and correlates the pattern 
with the equally characteristic clinical picture. 

In 1964, Hartley [1] reported a case of acute cervical 
pain associated with retropharyngeal calcium deposit. 
He did not speculate on the nature or cause of the 
condition. His detailed report, however, is almost identi- 
cal to the cases reported here, both radiographically and 
clinically. A brief note by Fahlgren et al. [2] in 1967 
mentions this condition and attributes it to tendinitis in 
the musculus longus colli. 

The longus colli muscle extends anterior to the spine 
from its origin along the first three thoracic and last 
three cervical vertebrae in three groups; the lower 
groups insert into the bodies and transverse process of 
the cervical vertebrae, and the superolateral group in- 
serts by a tendon into the anterior tubercle of the atlas 
(fig. 1). The tendon of this superolateral group appears 
to be susceptible to the deposition of calcareous depos- 
its associated with acute tendinitis. The entire muscle 
group functions in flexion and rotation of the neck. 

In the past several months, we have seen four patients 
with typical findings of this condition, three of whom 
presented at the emergency room of hospitals of the 
Emory University complex. A fourth case was seen in the 
emergency room of private hospital within the city. 


Case Reports 
Case 7 


L. W., a 53-year-old female, presented with posterior neck 
pain with radiation over the occiput. The pain was increased by 
motion of the neck, and pain upon swallowing was severe. 
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Physical examination was described as normal, except for 
marked pain on rotation and flexion or extension of the neck. 

Diagnosis was established by correlation of these clinical 
findings with radiographs of the neck (fig. 2A). The patient was 
seen by the ear, nose, and throat and orthopedic departments, 
and it was elected to treat her conservatively rather than attempt 
aspiration or steroid injection because of the difficulty in ap- 
proaching this site. She was followed by observation, with 
aspiration to be attempted if she did not improve spontaneously. 

Tomograms 3 days later showed beginning resorption of the 
midline calcific deposit (fig. 2B). Within 10 days. pain was 
almost gone and there was only mild residual limitation of 
motion. A film at that time showed considerable reduction of 
soft tissue swelling and only slight residual calcification (fig. 
2C). One month later, the patient was asymptomatic with com- 
plete resolution of the calcification and normal soft tissue 
thickness (fig. 2D). 
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Fig. 1. — Tendons of longus colli muscle. 


Case 2 


S. S., a 32-year-old female, developed gradually increasing 
pain in the neck 1 week before admission. On admission, she 
complained of extreme pain with no relief from analgesics 
(including Empirin no. 3, 50 mg Talwin, and Valium). She was 
also having some nausea and vomiting. This patient had a 
history of injury to the neck while water skiing several years 
earlier but had no intervening difficulty. Physical examination 
revealed only tenderness to palpation in the retropharynx. 

Films of the cervical area, including lateral midline tomo- 
grams, demonstrated an oval amorphous calcific deposit in the 
retropharyngeal area just anterior to C2, with associated soft 
tissue swelling (figs 3A and 3B). The diagnosis of calcific 
retropharyngeal tendinitis was established and, because of the 
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Fig. 2.—Case 1. A, Admission film showing amorphous, fairly sharply defined, 8 x 20 mm oval calcific deposit just anterior to C1 in retropharyngeal 
area. Note extensive soft tissue swelling. Density in lower pharynx is residua from esophagogram. B, Tomogram 3 days later demonstrating midline 
location of calcific deposit which is now slightly smaller and less well defined. C, Film 10 days later showing only faint, poorly defined fragments of 
residual calcification and mild residual soft tissue swelling. D, Film 1 month later showing complete resolution of calcification and no residual soft 
tissue swelling. 


severity, it was elected to attempt aspiration and injection. Very 
little aspirate was obtained, and the area was injected with a 
local anesthetic and then steroids. She obtained complete relief 
initially, but the pain returned after local anesthesia subsided 
and continued for several hours; she then showed rapid im- 
provement. 

After 9 days she had only slight residual pain on neck motion. 
A film of the cervical spine demonstrated faint residual calcific 
density with no residual soft tissue swelling (fig. 3C). After 7 
weeks there was complete resorption of the amorphous calcifi- 
cation (fig. 3D); the patient was asymptomatic. 


Case 3 


E. K., a 37-year-old female, was seen with a chief complaint 
of neck pain. She had fallen down steps 2 days earlier, sustain- 
ing a hyperextension injury to the neck. She had only slight 
discomfort at that time, but later developed pain in the retro- 
pharyngeal area with radiation to the left side of the neck and 
the left occipital area. She had considerable pain upon swallow- 
ing, and she was unable to move her head without severe pain. 

Physical examination showed some spasm in the anterior 
cervical muscles on the left. Temperature was 38'C. A lateral 
film of the neck (fig.4A) showed moderate soft tissue swelling in 
the retropharyngeal area with faint calcification. Diagnosis of 
retropharyngeal tendinitis was established. 

Treatment included a cervical collar, codeine, and a tranquil- 
izer. The patient was discharged 5 days later with considerable 
improvement of symptoms. A film at that time (fig. 4B) showed 
reduction in the soft tissue swelling and calcification. She was 
Scheduled to return in 3 weeks but has bgen lost to follow-up. 


Case 4 


E. B., a 57-year-old male, was seen in the emergency room of 
Piedmont Hospital with a 3 day history of cervical pain radiating 
upward, progressing to severe headaches with pain most severe 
in the posterior neck and radiating into the shoulder. His 


physician had injected a local anesthetic into the base of the 
neck, but there was no relief. Subsequently he developed 
considerable difficulty in swallowing. There was no history of 
neck trauma or strain. However, he had experienced a similar 
episode 20 years earlier and was treated with steroids. 

Physical examination showed marked limitation of motion in 
the neck but was otherwise unremarkable. A lateral radiograph 
of the neck showed extensive soft tissue swelling with calcifi- 
cation. The patient was treated with narcotic analgesics and hot 
packs. Films 5 days later showed partial resolution of calcifica- 
tion, and tomograms at that time demonstrated the midline 
location of the partially resorbed calcification. 

Symptoms partially abated, and at 18 days some calcification 
and soft tissue swelling remained. A film at 5 months showed 
complete resolution. 


Findings 
Clinical Features 


The clinical features are amazingly similar in all four 
cases, and most identical to the case reported by Hartley 
[1]. The presenting pattern is that of gradually increasing 
pain in the neck and throat, sometimes with radiation to 
the occiput. This pain is aggravated by swallowing and 
motion of the head or neck. There usually is marked 
limitation of rotation, and flexion or extension of the 
neck. Swallowing is difficult, and there is severe pain 
and tenderness in the retropharyngeal area. There may 
be mild fever and elevation of sedimentation rate. The 
pain usually reaches a maximum at 2-4 days, when the 
patient usually seeks medical help. After reaching this 
peak, the pain gradually subsides, usually completely by 
1-2 weeks. One patient in this series had similar symp- 
toms 20 years earlier, apparently indicating recurrent 
involvement. 
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Fig. 3.— Case 2. A, Lateral film of cervical spine showing fairly well defined, amorphous 5 x 18 mm oval calcific deposit in retropharyngeal area 
adjacent to anterior body of C1. B, Tomogram confirming midline position. C, Film 9 days later showing only small amount of residual calcification with 


no soft tissue swelling. D, Film after 7 weeks showing complete resolution. 





Fig. 4.— Case 3. A, Lateral film showing typical calcification and soft 
tissue swelling. B, Film 5 days later showing resorption of most of 
calcium. Some soft tissue swelling still present. 


Radiographic Features 


Radiographic findings seem to be very consistent 
among cases. Rather extensive swelling of the preverte- 
bral soft tissues occurs from C1 through C4 and may 
extend as low as the upper thorax. This finding is striking 
on the lateral film of the neck; the prevertebral soft 





Fig. 5.—A, Inferior accessory ossicle with sharply defined margins and 
articulation with inferior margin of C1. B, Less well defined nonarticulat- 
ing ossicle. 


tissues may measure as much as 1.5-2.0 cm. This soft 
tissue swelling is associated with a characteristic amor- 
phous calcification localized adjacent to the anterior 
margin of C2 just inferior to the body of C1. The margins 
of this calcification may be fairly well defined in the very 
early phases but become less well defined as the calcium 
begins to resorb. The resorption is usually complete in 
10 days to 2 weeks; there is no residual soft tissue 
swelling. 
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Differential Diagnosis 


Diagnosis is not difficult when the clinical presentation 
IS correlated with the radiographic pattern. The combi- 
nation of the characteristic soft tissue calcification as- 
sociated with swelling of the retropharyngeal soft tissues 
IS not known to occur in any other condition. There are 
other causes for calcifications in or superimposed over 
this area on the lateral film. Keats [3] has described a 
well defined bony ossicle which is sometimes termed 
“the inferior accessory ossicle of the anterior arch of the 
atlas." The large articulating ossicles show a sharply 
defined cortical margin and articulate with the inferior 
margin of C1 (fig. 5A). This differentiation is easily made 
by the sharply defined cortex, frequently with trabecular 
architecture evident within the ossicle, and the lack of 
soft tissue swelling. It should be noted that soft tissue 
may bulge over the ossicle, but the thickness of the soft 
tissue is not increased. Smaller ossicles are frequently 
seen which sometimes do not show a clear-cut articula- 
tion with the margin of C1 (fig. 5B). 

A small amount of rotation or tilt of the head may 
exaggerate the inferior margin of C1 and suggest soft 
tissue calcification; however, on close observation it can 
be identified as the inferior margin of C1. In addition to 
the inferior margin of C1, the lateral mass of C2 may 
project anteriorly on the rotated film, but this is also 
easily identified. The styloid processes may project over 
this area. Isolated calcification in the stylohyoid ligament 
also sometimes projects over this area. Frequently, the 
anterior portion of the ear lobe is outlined in the area 
just inferior to C1 and should not be confused with 
calcification. 


Discussion 


There seems little doubt as to the nature of this entity, 
although histopathologic confirmation is lacking since 
the condition tends to be self-limiting and nonsurgical. 
Clinical and radiographic evidence overwhelmingly sub- 
stantiates the hypothesis that this represents an acute 
calcareous tendinitis. First, anatomic possibilities for the 
location of the calcification are extremely limited. The 
only structures in this area are the anterior surface of the 
vertebral body, the tendinous attachments of the longus 
colli muscle with only a few associated muscle fibers 
extending up to this level, and the mucous membrane of 
the posterior pharynx. The radiographs demonstrate 
conclusively that the calcification is not a part of the 
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vertebral body, and its rapid disappearance and amor- 
phous appearance indicate that it is calcific but not 
OSSeous. 

The character of this amorphous calcification is iden- 
tical to that seen in the calcific tendinitis of other areas. 
Similarly, rapid resorption of the calcific deposits is 
characteristic of the acute condition. In many patients 
with calcific tendinitis, particularly in the shoulder, cal- 
cification persists. This chronic calcification tends to 
have a "harder" appearance with more well defined and 
somewhat denser margins than the "softer" amorphous 
pattern associated with acute calcific deposits. 

The clinical picture is also identical to calcific tendini- 
tis in other areas. There is acute onset of severe localized 
pain and limitation motion which, as in other locations. 
gradually subsides as the calcific deposit is resorbed. 
Resolution may be expedited by aspirating the deposit 
with or without the injection of local steroids. 

Because most of these patients present with rather 
severe pain, prompt diagnosis is important. Its consist- 
ently short duration, even without specific therapy, al- 
lows reassurance for the patient. However, as with other 
areas of calcific tendinitis, the possibility of recurrence 
must be considered, as illustrated in case 4. 

Most orthopedic surgeons believe that needle aspira- 
tion of the amorphous calcification and injection of local 
anesthetics and steroids are effective in reducing pain 
and disability in patients with acute calcific tendinitis in 
the rotator cuff. However, because of the difficult ap- 
proach to needle aspiration of the longus colli tendon, 
most of these patients should be treated conservatively 
with analgesics, antiinflammatory agents, and suppor- 
tive measures. 
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The Pulmonary-Renal Syndrome 


PETER G. HERMAN.’ JIRAYR P. BALIKIAN,' STEVEN E. SELTZER,' AND MICHAEL EHRIE* 


The pulmonary-renal syndrome is characterized by the 
coexistence of life-threatening pulmonary hemorrhage and 
renal disease in individuals without any concomitant destruc- 
tive pulmonary disease or coagulopathy. Six patients fulfilled 
the above criteria despite diverse etiologies and patho- 
mechanisms of disease. Two patients showed evidence of 
anti-glomerular basement membrane antibodies, while three 
others showed immune complexes in their kidneys. Therefore, 
it is likely that immunologic events play an important patho- 
genic role in this syndrome, explaining the effectiveness of 
nephrectomy as demonstrated in these patients. The chest 
radiograph was a reliable indicator of the extent of the pul- 
monary hemorrhage and was representative of the clinical 
presentation and blood gas levels. During the recovery phase 
the radiographic findings lagged somewhat behind the clinical 
improvement in the gas exchange. 


Radiology is often one of the first methods used in 
patients with massive hemoptysis. In some cases, the 
pulmonary hemorrhage may be preceded or followed by 
renal disease, termed the pulmonary-renal syndrome. 
Understanding of the current concepts regarding this 
syndrome can be most valuable for the diagnosis and 
management of these patients. 

The association of fatal pulmonary hemorrhage and 
glomerulonephritis was originally observed at autopsy 
by Goodpasture in 1919 [1]. By the late 1930s, several 
cases were diagnosed in vivo. Subsequently, the clinical 
syndrome was described in detail comprising the salient 
features of hemoptysis (with abnormal chest radio- 
graph), glomerulonephritis, and anemia. Most patients 
with glomerulonephritis show evidence of immune com- 
plexes adjacent to the glomerular capillary basement 
membrane; a small percentage of patients have glomer- 
ulonephritis caused by anti-glomerular basement mem- 
brane (AGBM) antibodies [2, 3]. The assumption has 
been that these antibodies cross-react with the capillary 
basement membrane in the lung and therefore are re- 
sponsible for the pulmonary hemorrhage. 

Since 1970, we have studied six patients with pulmo- 
nary-renal syndrome, all of whom were extensively stud- 
ied immunologically. In our series, only two patients 
showed evidence of AGBM antibodies; three others had 
immune complexes in their glomeruli shown by immu- 
nofluorescence microscopy. Our experience and that of 
others [4] indicates that the presence of AGBM anti- 
bodies is not the sine qua non of this syndrome. The 
utility of the chest radiograph in the clinical management 
as well as the current concepts regarding pathogenesis 
and treatment are discussed. 
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Case Reports 


Case 1: Goodpasture's Syndrome 


M. H., a 57-year-old white female, presented with cough and 
pharyngitis. She soon developed episodes of hematuria fol- 
lowed by oliguria, edema, and hemoptysis (hematocrit, 22; 
blood urea nitrogen, 160; creatinine, 14.2; and 2+ proteinuria). 
Initial chest radiography showed perihilar opacities character- 
istic of air space disease (fig. 1A). These densities rapidly 
increased in size to the appearance of alveolar edema in a 
butterfly distribution (fig. 1B), which progressed to almost 
complete opacification of the lungs. Based on the association 
of life-threatening hemoptysis, respiratory failure, and advanced 
renal failure, the diagnosis of Goodpasture's syndrome was 
made. 

After bilateral nephrectomy, renal pathologic examination 
showed changes of rapidly progressive glomerulonephritis (fig. 
2A). Immunofluorescence study showed linear deposits of IgG 
and C3 in the glomeruli, confirming the presence of AGBM 
antibodies (fig. 2B). Circulating AGBM antibodies were detected 
in the serum by indirect immunofluorescence with normal 
human kidney. The pathologic diagnosis was rapidly progres- 
sive glomerulonephritis consistent with Goodpasture's syn- 
drome. 

Chest radiography 5 days after nephrectomy showed clearing 
of the air space disease and appearance of a more interstitial. 
linear reticular pattern (fig. 1C) coinciding with clinical improve- 
ment. Hemoptysis recurred 7 days after nephrectomy, and the 
patient was placed on increasing doses of steroids and cyclo- 
phosphamide (Cytoxan). Chest radiography showed new patchy 
confluent air space densities in both lung fields. 

The patient died 11 days after bilateral nephrectomy. Autopsy 
showed acute severe bilateral pseudomonas pneumonia, the 
likely anatomic cause of death. The lungs also contained multi- 
ple areas of recent intraalveolar hemorrhage and numerous 
large clusters of hemosiderin-laden alveolar macrophages. Im- 
munofluorescence microscopy of the lung showed linear de- 
posits of IgG and C3 along the alveolar basement membranes, 
confirming the diagnosis of Goodpasture's syndrome. 


Case 2: Goodpasture's Syndrome 


P. P., a 56-year-old white male, presented with darkening 
urine, ankle edema, and blood-streaked sputum. Laboratory 
examination showed renal insufficiency and anemia (blood urea 
nitrogen, 47; creatinine, 3.7; granular and red blood cell casts 
in the urine; and hematocrit, 30). Chest radiography showed 
clear lungs. Renal biopsy 3 months later showed diffuse glo- 
merulonephritis with mesangial proliferation and focal epithelial 
crescents. Immunofluorescence microscopy revealed diffuse 
linear IgG staining of the glomeruli, confirming the presence of 
AGBM antibody. 

Despite therapy with prednisone, Coumadin, and Cytoxan, 
massive pulmonary hemorrhage led to respiratory failure. Chest 
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radiography showed extensive air space disease involving the 
central portion of both lungs in a butterfly distribution. Several 
air bronchograms could be seen, and small Kerley B lines were 
present. 

Pathologic examination of the kidneys after bilateral nephrec- 
tomy showed rapidly progressive glomerulonephritis which, with 
the presence of AGBM antibody, enabled a pathologic diagnosis 
of Goodpasture's syndrome. By the day after nephrectomy, the 
patient's clinical condition had improved. Chest radiography 
showed some improvement in the alveolar densities, with al- 
most complete clearing 4 days later. A minimal interstitial 
process remained. The patient is now máintained on hemodi- 
alysis. 


Case 3: Idiopathic Rapidly Progressive Glomerulonephritis 


M. B., 65-year-old white female, was admitted with a recent 
history of severe hemoptysis, rapidly falling hematocrit, and 


Fig. 1.—Case 1: Goodpasture's syndrome. A, Initial film showing 
extensive right and less extensive left perihilar infiltrates, characteristic 
of air space disease. B, Film 2 days later showing increase in intrapul- 
monary hemorrhagic infiltrates in butterfly distribution, simulating alveo- 
lar edema. C, Film 5 days after bilateral nephrectomy demonstrating 
remarkable clearing of intrapulmonary hemorrhagic infiltrates with some 
residual interstitial reticular infiltrates. 


blood urea nitrogen of 96. Blood gases showed evidence of 
respiratory failure. Chest radiography showed evidence of a 
disseminated alveolar process involving almost the entire lung 
(fig. 3A). Brisk hemoptysis continued for the next 36 hr, and 
chest radiography the next day showed an even more extensive 
alveolar process with air bronchograms. 

After bilateral nephrectomy, pathologic examination of her 
kidneys showed late stages of rapidly progressive glomerulo- 
nephritis with most glomeruli shrunken, hyalinized, or contain- 
ing epithelial crescents and partially destroyed tufts. Immuno- 
fluorescence and electron miscroscopy failed to show deposits. 
Pathologic diagnosis was idiopathic rapidly progressive glomer- 
ulonephritis. 

The blood gases improved. Chest radiography 3 days after 
surgery showed significant clearing of the alveolar process and 
development of fine reticulonodular densities (fig. 3B). Radiog- 
raphy 1 week after bilateral nephrectomy showed only a fine 
reticular linear pattern with some Kerley B lines. The patient 
became essentially asymptomatic and was maintained on he- 
modialysis. Hemoptysis and signs of mild respiratory failure 
recurred twice, 1 and 2 years later, with air space consolidations 
which subsided on short courses of steroids. 


Case 4: Idiopathic Rapidly Progressive Glomerulonephritis 


C. H., a 32-year-old Japanese woman, had evidence of pedal 
edema, anemia, and arthralgia during the fifth month of her 
second pregnancy. Laboratory examination showed a hemato- 
crit of 17 and evidence of renal insufficiency (blood urea 
nitrogen, 73; creatinine, 6.1; proteinuria; and white and red 
blood cells in the urine). Chest radiography was normal. The 
patient was started on hemodialysis and the baby delivered by 
cesarean section. She received a renal isograft from her identi- 
cal twin sister 7 months later. Only the right native kidney was 
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Fig. 2.—Case 1: Goodpasture's syndrome. A, Pathologic study of kidney showing rapidly progressive glomerulonephritis, with characteristic 
epithelial crescent (PAS, x400). B, Immunofluorescence study of kidney showing linear pattern of immunofluorescence with IgG along glomerular 
basement membrane (250). 

Fig. 4.—Case 4: idiopathic rapidly progressive glomerulonephritis. Immunofluorescence study” of kidney showing coarse granular pattern of 
immunofluorescence with IgG in native kidney (x400). 

Fig. 5.—Case 5: systemic lupus erythematosus. A, Pathologic study of kidney showing diffuse proliferative glomerulonephritis with prominent 
mesangial cell proliferation (H and E, x400). B, Pathologic study of lung demonstrating acute interstitial pneumonitis with prominent intraalveolar 
hemorrhage and fibrin (H and E, x40). C, Immunofluorescence study of lung showing prominent granular deposits of IgG in alveolar capillary walls 
(x250). 
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Fig. 3. —Case 3: idiopathic rapidly progressive glomerulonephritis. A, 
Initial film demonstrating evidence of extensive intrapulmonary hemor- 
rhage with alveolar and interstitial infiltrates involving almost entire lung, 
sparing apices. B, Film 3 days after bilateral nephrectomy showing 
dramatic clearing of alveolar component with residual interstitial hemor- 
rhagic infiltrates. Note small pneumothorax on left. 


removed. Pathologic examination revealed the end stages of 
chronic sclerosing glomerulonephritis. 

The patient developed hematuria 10 months later; biopsy 
showed rapidly progressive glomerulonephritis in the trans- 
planted kidney. She received typhoid vaccine twice at this time 
for the purpose of antigenic competition. Massive hemoptysis 
developed. Chest radiography showed widely disseminated 
mixed reticulonodular interstitial and air space disease involv- 
ing almost the entire lung consistent with pulmonary hemor- 
rhage. Respiratory failure developed, and both the transplanted 
and native left kidneys were removed. The transplanted isograft 
kidney showed rapidly progressive glomerulonephritis. The na- 
tive kidney showed chronic sclerosing glomerulonephritis with 
superimposed rapidly progressive disease. Immunofluores- 
cence microscopy of the kidneys showed a granular pattern of 
immune complexes in the glomeruli (fig. 4, see color plate). 
Pathologic diagnosis was idiopathic rapidly progressive glomer- 
ulonephritis. 

Despite severe postoperative hypoxia, the patient gradually 
improved. Chest radiography showed decreased air space dis- 
ease. The lung fields had developed a ground glass-like appear- 
ance with increased reticular markings and Kerley B lines which 
completely cleared in the ensuing 3 weeks. The patient is 
maintained on hemodialysis. 


Case 5: Systemic Lupus Erythematosus 


C. P., a 28-year-old black female, presented with erythema- 
tous facial rash, multiple arthralgias, anemia, leukopenia, a 
positive antinuclear antibody test, elevated anti-DNA titers, low 
complement, and trace proteinuria. Renal function was normal 
and chest radiography was essentially clear. Clinical diagnosis 
of lupus erythematosus was made. Renal needle biopsy 6 
months later showed diffuse proliferative glomerulonephritis 
with prominent mesangial cell proliferation and increased mes- 
angial matrix (fig. 5A, see color plate). Immunofluorescence 
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study revealed intense mesangial deposits of IgG, IgM, and C3 
and scattered granular deposits of IgG along glomerular capil- 
lary walls. Electron microscopy showed extensive electron- 
dense deposits in the mesangium, small subepithelial deposits, 
and rare subendothelial deposits. The pathologic changes were 
consistent with the glomerulonephritis of systemic lupus erythe- 
matosus. The patient was placed on prednisone. ; 

Severe hemoptysis, pleuritic chest pain, and dyspnea devel- 
oped 1 month later preceded by falling complement levels. The 
patient was in respiratory failure (Po, = 53) but still had normal 
renal function. Chest radiography showed bilateral patchy den- 
sities, mostly perihilar but extending peripherally and to the 
lung bases. Two days later, the opacities on the chest radio- 
graph increased in size and extent and showed evidence of 
confluence. A faint air bronchogram could be seen in the 
retrocardiac region. Small bilateral pleural effusions were pres- 
ent. The cardiac silhouette was moderately enlarged, and ultra- 
sound showed a minimal pericardial effusion (fig. 6A). 

Open lung biopsy from the right lower lobe showed acute 
interstitial pneumonitis with prominent intraalveolar hemor- 
rhage (fig. 5B). Special stains and cultures for infectious orga- 
nisms were negative. Immunofluorescence microscopy revealed 
prominent granular deposits of IgG in the alveolar capillary 
walls (fig. 5C). Electron microscopy showed electron-dense 
deposits in the capillary basement membranes. These findings 
strongly suggested an immune complex pneumonitis with pul- 
monary hemorrhage as the pathologic diagnosis. However, 
these ultrastructural and immunofluorescence findings have 
not been previously reported in a patient with systemic lupus 
erythematosus. 

After the lung biopsy, the patient was maintained on the same 
regimen of prednisone, and the hemoptysis stopped. Chest 
radiography showed gradual clearing, with the lung fields 
returning to normal about 1 month after the lung biopsy (fig. 
6B). The patient is currently doing well on tapered doses of 
prednisone. 
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Fig. 6. —Case 5: systemic lupus erythematosus. A, Chest film showing confluence of infiltrates. Air bronchograms seen in retrocardiac region. Small 
pleural and pericardial effusions were proved by ultrasound. B, Film 1 month later showing lung fields normal, pleural effusions subsided, and cardiac 
silhouette unchanged. 


Case 6: Wegener's Granulomatosis 


V. H., a 54-year-old white female, presented with complaints 
of arthralgia. Six months later, she was found to be anemic 
(hematocrit, 24). Urinalysis revealed 2+ proteinuria and granu- 
lar casts, and the blood urea nitrogen was 26. Chest radiogra- 
phy 1 month later showed some localized radiolucency in the 
right midlung zone and minimal fibrous blunting of the costo- 
phrenic angle. The cardiac silhouette was borderline enlarged. 
Within the next few days, the patient developed progressive 
oliguria and renal failure. Blood urea nitrogen rose to 80. She 
was placed on hemodialysis. 

During the first hemodialysis, the patient developed severe 
hemoptysis; Py, was 34. Chest radiography showed massive, 
almost complete opacification of both lung fields by an air 
space process compatible with severe pulmonary hemorrhage 
(fig. 7A). The clinical diagnosis of Goodpasture's syndrome was 
made, and an emergency bilateral nephrectomy was performed 
the same day. 

Pathologic and immunopathologic examination of the kid- 
neys showed changes of rapidly progressive glomerulonephritis 
with necrotizing vasculitis involving arterioles and small arteries 
of the kidneys and perinephric tissues. Immunofluorescence 
study showed peripheral granular deposits of IgG and C3. 
Electron microscopy revealed focal obliteration of epithelial cell 
foot processes but no evidence of deposits. These changes 
were consistent with, but not diagnostic of, Wegener's granu- 
lomatosis. 

After nephrectomy, the hemoptysis gradually diminished and 
stopped completely 2 days after surgery. Chest radiography 10 
days later revealed that the alveolar densities had cleared 
almost completely and the radiographic pattern changed into a 
diffuse linear reticular interstitial process (fig. 7B). The intersti- 
tial densities showed gradual clearing. The patient did well and 
was maintained on hemodialysis. 

The patient complained of increasing arthralgia 11 months 
after nephrectomy. Chest radiography was still normal (fig. 7C). 
One year after the nephrectomy, she complained of fever, 


cough, petechial rash, and an ulcer in the nose. Chest radiog- 
raphy showed disseminated large nodular cavitating pulmonary 
processes, and the patient underwent open lung biopsy (fig. 
7D). The hila were normal. 

Histologic examination of tissue from the right lower lobe 
showed areas of necrotizing granulomatous inflammation with 
extensive vasculitis and marked hemosiderin deposition sur- 
rounding this region. Special stains and cultures for organisms 
were negative. The appearance of the lung lesions was most 
consistent with Wegener's granulomatosis. The patient was 
placed on Cytoxan and subsequently showed improvement both 
radiologically and clinically. She is maintained on Cytoxan and 
hemodialysis. 


Discussion 


The pulmonary-renal syndrome is characterized by the 
coexistence of renal disease and life-threatening pulmo- 
nary hemorrhage in individuals without any concomitant 
destructive pulmonary disease or coagulopathy. The six 
patients in this study all fulfilled the above criteria de- 
spite the diverse etiologies and pathomechanisms of 
their disease. 


Pathogenesis of Pulmonary-Renal Syndrome 


In previously reported series of Goodpasture's syn- 
drome [5], the median age of patients was 21 years, and 
males predominated 9:1. Hemoptysis was the initial clin- 
ical symptom in all but three patients. In comparison, the 
mean age of our patients was 42.5 years and there were 
five females and one male. The initial clinical presenta- 
tion was joint pain en three patients, renal failure in two, 
and simultaneous renal failure and hemoptysis in one. 
Renal involvement preceded the pulmonary hemorrhage 
in five patients. None of our patients had any preexisting 
lung abnormalities. The distribution of subgroups within 
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Fig. 7.— Case 7: Wegener's granulomatosis. A, Initial film showing massive, almost complete, opacification of both lung fields. Right midlung zone 
was spared due to localized fibrosis. B, Marked clearing of alveolar hemorrhage 10 days after bilateral nephrectomy; some residual interstitial 
hemorrhagic infiltrates persisted. C, Essentially normal chest radiograph 11 months after bilateral nephrectomy. D, Multiple large cavitating pulmonary 
nodules 1 year after nephrectomy. Open lung biopsy showed Wegener's granulomatosis. 


pulmonary-renal syndrome depends on the patient pop- 
ulation. In several earlier reports from military hospitals, 
the patients were young men, most of them belonging to 
the AGBM antibody-producing group (Goodpasture's 
syndrome) [5]. On the other hand, our institution is a 
tertiary hospital where many patients are referred with 
advanced renal disease. 


Goodpasture's Syndrome 


In our series, two patients showed evidence of AGBM 
antibodies in the kidneys (cases 1 and 2). In both pa- 
tients, emergency bilateral nephrectomy was followed by 
cessation of the pulmonary hemorrhage. One patient 
(case 1) died several days after nephrectomy due to a 
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superimposed infection. The other patient is doing well 
and is maintained on hemodialysis. 

The origin of the antigens which incite the production 
of anti-glomerular basement membrane antibodies is 
unknown. It has been assumed that either an endoge- 
nous antigen or a cross-reactive material which may be 
related to viruses or bacteria is the responsible agent. 
Once the antibodies are formed, they are picked up quite 
readily by the kidney. Here the antibodies are attached 
to the inner aspect of the glomerular basement mem- 
brane. Subsequently, complement is fixed along the 
membrane and, in turn, polymorphonuclear leukocytes 
are attracted. These white cells are probably responsible 
for the injury. By immunofluorescence, linear ribbonlike 
deposits of IgG and rarely IgM can be seen along the 
glomerular capillary wall. In addition, C3 is often present. 
Occasionally, it is possible to elute AGBM antibodies 
from the kidneys. It is assumed that a similar pathome- 
chanism within the capillary basement membranes of the 
lungs is responsible for the pulmonary hemorrhage [2, 
4]. Consequently, only patients who show evidence of 
these antibodies should be classified as cases of Good- 
pasture's syndrome. 

The treatment of patients with AGBM antibody disease 
(Goodpasture's syndrome) is still unsettled and often 
debated. Bilateral nephrectomy resulted in cessation of 
the pulmonary hemorrhage in seven of 19 patients re- 
ported by Wilson and Dixon [3]. A recent innovation in 
treatment includes repeated plasmapheresis for removal 
of the antibodies [6]. This is supplemented with drug 
therapy including steroids and cytotoxic agents. Control 
of the pulmonary hemorrhage was reported by the use of 
high doses of steroids alone [7]. 


Idiopathic Rapidly Progressive Glomerulonephritis 


Two of our six patients had idiopathic rapidly progres- 
sive glomerulonephritis (cases 3 and 4). At the time of 
life-threatening pulmonary hemorrhage, both had bilat- 
eral nephrectomies; in both cases, the pulmonary hem- 
orrhage stopped shortly after surgery. The patients are 
alive and doing well on hemodialysis. 

The pathogenesis of this type of glomerulonephritis 
often relates to the development of antigen-antibody 
immune complexes of a certain size (one million molec- 
ular weight). By immunofluorescence, there is evidence 
of so-called ‘lumpy bumpy” antibody pattern along the 
basement membranes of the glomerular capillaries. One 
of our patients showed evidence of this pattern. These 
immune complexes are then filtered by the kidneys and 
the lungs. Subsequently, at the sites of deposition, 
complement is fixed, white blood cells are attracted, and 
inflammation results in local tissue damage [2, 4]. In 
view of the pathogenesis of the disease, the mechanism 
whereby the nephrectomy is apparently effective is un- 
clear. 


Wegener's Granulomatosis 


One of our patients (case 6) originally had progressive 
renal failure and life-threatening pulmonary hemorrhage. 
Bleeding stopped shortly after emergency bilateral ne- 
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phrectomy. Signs and symptoms of classical Wegener's 
granulomatosis developed 1 year later. Since our obser- 
vation of this patient, a similar case has been reported 
by Schachter et al. [8]. After the diagnosis of Wegener's 
granulomatosis was established, our patient was placed 
on Cytoxan and showed excellent response in her pul- 
monary involvement. Because the cytotoxic drugs are so 
effective in the control of Wegener's granulomatosis [9]. 
we wonder whether successful control of the pulmonary 
hemorrhage could have been achieved had this patient 
been treated with Cytoxan originally. 


Systemic Lupus Erythematosus 


Pulmonary hemorrhage is rarely reported in patients 
with systemic lupus erythematosus. In one large series 
[10], this occurred in only one of 105 patients. However, 
in a series of 12 patients reported by Matthay et al. [11], 
two showed evidence of significant hemoptysis. Our 
patient (case 5) had significant hemoptysis resulting in 
respiratory failure, but it subsided without any change in 
management. The unique feature of this patient is that 
immunofluorescence and electron microscopy identified 
immune complexes at the alveolar basement membrane 
of the lung. 


Uremia 


Data concerning the incidence of pulmonary hemor- 
rhage in uremia are difficult to obtain. Although uremic 
patients commonly have shortness of breath, cough, and 
orthopnea, they rarely complain of significant hemop- 
tysis [12]. Schwartz et al. [13] recently suggested that 
indeed the azotemic hypervolemia is the likely cause of 
pulmonary hemorrhage in patients with renal disease. 

Five of our six patients had pulmonary hemorrhage 
after the development of acute renal failure and were, 
presumably, hypervolemic on this basis. Fluid overload 
may have contributed to bleeding in this group. How- 
ever, all of these patients had convincing evidence of 
systemic, immunologically mediated tissue injury, and 
the cessation of hemorrhage was more temporally re- 
lated to nephrectomy than to dialysis. In addition, one 
patient never experienced renal failure. Thus the contri- 
bution of hypervolemia to the lung hemorrhage was 
likely a secondary one in this group. 


Radiology of Pulmonary Hemorrhage 


Patients with the pulmonary-renal syndrome usually 
exhibit radiologic evidence of pulmonary hemorrhage on 
the chest film. However, sensitivity of the chest radio- 
graph in the quantitation of pulmonary hemorrhage is 
not fully defined. Pulmonary hemorrhage at times can be 
clinically silent, but detectable radiographically and con- 
firmed by isotope studies [14-16]. However, in all six of 
our patients, the extent of pulmonary opacification of 
the chest film corrglated well with the patient's clinical 
condition. Chest radiography immediately after the onset 
of hemoptysis showed extensive alveolar opacities which 
did not spare the periphery of the lungs and did not 
necessarily occur at the height of uremic state. We 
believe that after cessation of active bleeding, blood was 
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cleared by coughing and absorption, and these alveolar 
infiltrates changed into an interstitial process with a 
linear reticular pattern. The improvement in radiologic 
appearance usually correlated well in time with the 
improvement of the patient's gas exchange. These dif- 
fuse air space densities primarily represented alveolar 
hemorrhage. However, an element of pulmonary edema 
with Kerley B lines and small pleural effusion was present 
in addition to hemorrhage at the height of uremic state 
in the patient with systemic lupus erythematosis. When a 
new air space opacity superimposed on the residual 
interstitial infiltrate became evident during the recovery 
phase, it usually indicated recurrent pulmonary hemor- 
rhage or secondary infection. 
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Chest Film Diagnosis of Patent Ductus Arteriosus in Infants with Hyaline 
Membrane Disease 


B. BURNEY,’ W. L. SMITH, E. A. FRANKEN, JR., J. A. SMITH, AND E. C. KLATTE 


Patent ductus arteriosus in an infant with hyaline membrane 
disease is usually a serious complication. To evaluate the 
diagnostic role of chest radiography in these infants, a double- 
blind study comparing patients with both hyaline membrane 
disease and patent ductus arteriosus and matched controls 
was undertaken. Three pediatric radiologists acted as observ- 
ers. In no instance were they more reliable than chance in 
predicting the presence of a patent ductus arteriosus. Analy- 
sis according to various clinical criteria (e. g., severity of 
illness, P,O.) also failed to show any subgroup in which the 
observers were accurate. From these data it is concluded that 
chest radiography does not play a significant role in the 
diagnosis of patent ductus arteriosus in infants with hyaline 
membrane disease. 


The current techniques of life support have dramatically 
improved survival in hyaline membrane disease [1]. Par- 
alleling this has been an increased recognition of the 
incidence of patent ductus arteriosus in infants with that 
disease. The incidence of patent ductus arteriosus is 
greater with increasing prematurity [2-5]. Diagnosis is 
dependent on clinical examination, although cardiac 
ultrasound is an important adjunct. In some centers 
serial daily echocardiographic measurement of the ratio 
of atrium to aortic root has become a major factor in 
diagnosing and monitoring these patients. The value of 
chest radiography has been disputed; some authors rely 
on it [2, 6, 7] and others doubt its usefulness [8, 9]. This 
study was undertaken to evaluate in a blind format the 
role of chest radiography in the diagnosis of patent 
ductus arteriosus in infants with hyaline membrane dis- 
ease. 


Subjects and Methods 


Forty premature infants with clinical and radiographic evi- 
dence of hyaline membrane disease and definite clinical evi- 
dence of patent ductus arteriosus were included in the study. 
Of these cases, 13 infants had surgical proof of patent ductus 
arteriosus with autopsy reconfirmation in seven instances. The 
other 27 infants had nonsurgical diagnoses by pediatric cardiol- 
ogists on the basis of murmur, bounding pulses, and congestive 
heart failure. Of the 27 nonsurgical cases, 11 had echocardi- 
ographic studies and one underwent cardiac catheterization. 
Cases in which a positive diagnosis of patent ductus arteriosus 
could not be confirmed by the pediatric cardiologist or in which 
adequate records or radiographs were not available were ex- 
cluded from the study. Separate analysis showed that our 
population was statistically similar to other reported series [5, 
6,9, 10-14]. A group of 10 control infants had hyaline membrane 
disease but no evidence of patent ductus arteriosus. All control 
infants were evaluated daily for murmurs, hepatomegaly, 
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bounding pulses, and congestive heart failure; none exhibited 
these findings. Two of the 10 control patients had normal 
cardiac ultrasound studies. None of our patients received pros- 
taglandin inhibitors. 

A series of seven anteroposterior chest radiographs was 
selected to encompass the time before, during, and after the 
initial evidence of patent ductus arteriosus. Radiographs of 
control infants were selected to cover a similar period. Three 
pediatric radiologists reviewed a series of radiographs on each 
patient without knowledge of the clinical diagnosis or the 
number of infants in the two groups. The observers were asked 
to determine whether the patient had patent ductus arteriosus 
and to evaluate each film according to several criteria which 
have been reported as signs of patent ductus arteriosus: in- 
crease in heart size, worsening or change in distribution of lung 
disease, and increase in liver size. The responses according to 
each of these specific radiographic signs as well as the overall 
evaluation were statistically analyzed. 


Results 


The number of correct diagnoses are shown in table 1. 
In no instance were the observers significantly (P — .05) 
more accurate than chance in detecting the presence of 
a patent ductus arteriosus from the chest radiograph. 
The infants were also grouped by various objective 
criteria (e.g., PaO, values lower than the norm for this 
population), and a separate analysis of observer per- 
formance in these subgroups was undertaken (table 2). 
Once again in no instance were observers more accurate 
than chance. 

It is of note that observer 1 (table 1) detected almost 
2596 of the infants with patent ductus arteriosus and had 
no false positive diagnoses. However, on separate anal- 
ysis this still did not approach the .05 level of signifi- 
cance. Analysis of this observer's performance by clini- 
cal criteria also failed to show significant accuracy (table 
e. 

For only two patients did all three observers agree on 
the presence of patent ductus arteriosus, and these were 
not the most severely ill patients. Interobserver agree- 
ment rates for combinations of two observers were 
separately analyzed and in no instance was there signifi- 
cant agreement on the cases identified as patent ductus 
arteriosus. 


Discussion 


Our findings indicate that chest radiography plays a 
minimal role in the diagnosis of patent ductus arteriosus 
in premature infants with hyaline membane disease. 
Reported radiographic criteria [3] are difficult to apply in 
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TABLE 1 
Responses According to Radiographic Subgroup 


No. Correct Diagnoses 
Subgroup ——SÓÓÁ— M HÀ 
Observer 1 Observer 2 Observer 3 


Patent ductus arteriosus ....... 9 18 8 

CO. 10e eM MU DE LR RM 0 4 4 
Heart size increased: 

Patent ductus arteriosus ....... 10 17 17 

COMON i ne 1 4 4 
Lung disease worsened:* 

Patent ductus arteriosus ....... 10 17t 17t 

ENNIO eh ee de ie WK RS 2 4 4 
Liver enlarged: 

Patent ductus arteriosus ....... 0 ri 2 

OO) eee 0 2 2 








Note. — Observations of radiographs of 40 infants with patent ductus arteriosus 
and 10 control infants. 

* Distribution and/or pattern changed. 

t No significant interobserver correlation on these patients (i.e., not the same 17 
patients). 


TABLE 2 
Responses According to Clinical Subgroup 








No. Correct Diagnoses 








Subgroup No. Patients 





P,O: < 1 SD below mean 


(most hypoxic)........ 7 1 3 0 
Weight — 1 SD below 

mean (smallest) ....... 6 1 2 0 
Clinical deterioration .... 28 8 14 5 


Clinical congestive heart 
failure (requiring treat- 


FERE OL he ale adea ora 21 7 11 4 
Developed  bronchopul- 

monary dysplasia ..... 18 7 9 3 
Required surgical inter- 

NO os 3.5 pees ae 13 5 5 4 








Note. — Observations of 40 infants with patent ductus arteriosus. 


these patients. Cardiac size varies with mechanical ven- 
tilation [9, 12, 15] and the degree of hypoxia and acidosis 
[11, 13]. Hyaline membrane disease and associated lung 
diseases mask the appearance of pulmonary edema [2, 
9, 12], and in our series the size of the liver, as estimated 
from the radiograph, was of no value. 

Several interesting observations were noted from anal- 
ysis of the infants with patent ductus arteriosus. Of the 
13 patients who underwent surgical ligation, 12 (9296) 
developed subsequent radiologic evidence of stage IV 
bronchopulmonary dysplasia. Of the 27 who did not 
undergo surgery, six (22%) developed bronchopulmo- 
nary dysplasia. Mortality in the surgical group was 5496 
(seven of 13) compared to an overall mortality of 2096 
(eight of 40) and a mortality of 4% (one of 27) in the 
nonsurgical patients. These differences are statistically 
significant (P — .05). While this may reflect only the fact 
that the most severely ill patients had surgery, the mor- 
bidity and mortality statistics indicate that the outcome 


Observer 1 Observer 2 Observer 3 
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for surgical patients was poor. These data imply that, at 
least at our institution, different criteria should be used 
in selecting the patients or in the timing for surgical 
intervention. 

Also of interest is the fact that the two infants correctly 
identified as having patent ductus arteriosus by all three 
observers had less radiographic lung disease than their 
peers. This indicates that either the rigid atelectatic 
lungs limit cardiac expansion or, more likely, that the 
presence of overlying lung disease leads to greater 
difficulty in recognizing cardiomegaly and congestive 
failure. A review of all radiographic reports of the 40 
infants studied showed only two cases in which the 
presence of patent ductus arteriosus was suggested at 
the time of interpretation of the chest radiographs. 

The limited echocardiographic data available on our 
patients was of some interest. Two of the surgically 
documented infants and four diagnosed by clinical cri- 
teria had normal left atrial/aortic root ratios by ultra- 
sound. We have since seen two infants whose ratio 
actually changed during the cardiac ultrasound study, 
probably reflecting the evanescent nature of the patency 
of the ductus. However, we did not encounter any 
instances with a positive ratio and no evidence of patent 
ductus arteriosus or other intracardiac shunt. 

Chest radiography was of minimal value in the diag- 
nosis of patent ductus arteriosus in our series of infants 
with hyaline membrane disease. This does not denigrate 
the value of the radiograph in monitoring these critically 
ill infants, since a number of other significant abnormal- 
ities were detected. On basis of this study we are skepti- 
cal of the value of plain film radiographs in diagnosing 
patent ductus arteriosus in patients with hyaline mem- 
brane disease. 
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Ultrasonic Evaluation of Radiographic Opacities of the Chest 


JACK H. HIRSCH,' STEPHEN J. CARTER,' PAUL M. CHIKOS,' AND CHERYL COLACURCIO? 


The nature of pleural based radiographic opacities in the 
chest can be uncertain; however, ultrasonic examination pro- 
vides a reliable means of distinguishing solid from fluid-con- 
taining lesions. It is superior to both fluoroscopy and radiog- 
raphy in accurately localizing loculated fluid collections for 
thoracentesis and can be performed with commercially avail- 
able gray scale contact scanning equipment. Cases repre- 
senting a spectrum of clinical applications are discussed. 


The radiographic evaluation of complete or substantial 
opacification of a hemithorax can be difficult. Differen- 
tiating among pleural effusion, pleural fibrosis, and pa- 
renchymal consolidation occasionally cannot be achieved 
with certainty. The use of diagnostic ultrasound to eval- 
uate radiographic opacities that contact the chest wall 
has been discussed [1-7]. We have utilized this modality 
frequently over the past 2 years and present examples of 
our experience in differentiating a variety of fluid-con- 
taining and solid lesions. 


Technique 


All studies are performed with a commercially available 
B-mode gray scale contact scanner using a 2.25 MHz, 
6-9 cm focused transducer. Images are recorded on 
radiographic or photographic film. We have not found 
the time-motion mode helpful. Near field suppression is 
confined to the initial 2-3 cm so that superficial fluid 
collections in thin individuals are not obscured. The 
upright sitting position is optimal, and multiple trans- 
verse scans are performed at 1 cm intervals around the 
entire hemithorax. An oblique or decubitus position can 
occasionally be helpful. However, if localization is being 
performed, the exact position must be communicated to 
the individual performing the thoracentesis. The dia- 
phragm and lower thoracoabdominal regions are evalu- 
ated with the patient supine utilizing longitudinal (par- 
asagittal) sector scans under the costal margins [4]. 

When localizing loculated fluid, the margins of the 
loculation are marked on the patient's skin, and the 
depth from skin to fluid can be approximately deter- 
mined from the scan. We find marking the margins 
rather than a solitary optimal site is most helpful if a 
clinician other than the operator is to perform the thora- 
centesis. 


Case Reports 


Case 1 


D. C., a 38-year-old male, was admitted for gastrointestinal 
bleeding and ascites secondary to cirrhosis. The chest film 
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obtained 4 days after admission demonstrated an opacified 
right hemithorax (fig. 1A). Ultrasonic evaluation the next day 
revealed a large volume pleural effusion (figs. 1B-1D). Diagnos- 
tic thoracentesis yielded fluid with characteristics of a transu- 
date. The effusion resolved completely over the next 10 days. 
and the appearance of the chest film returned to normal. 


Case 2 


M. B., a 46-year-old chronic alcoholic, fell 1 month prior to 
admission sustaining fractures of the left eighth, ninth, and 
tenth ribs. He was admitted with pleuritic pain and fever. Chest 
radiography showed an opaque left lower hemithorax as well as 
diaphragmatic elevation (fig. 2A). Ultrasound examination was 
performed to localize the suspected pleural fluid for thoracen- 
tesis (fig. 2B). The thoracentesis yielded a turbid yellow exuda- 
tive effusion which grew a mixed culture of Streptococcus and 
Bacteroides sensitive to penicillin. Initial chemotherapy and 
chest tube drainage were inadequate; rib resection with open 
drainage was required for successful management. 


Case 3 


E. W., a 58-year-old white male, had a tissue diagnosis of oat 
cell carcinoma initially manifested by a 4 cm right hilar mass. 
He subsequently developed cough, fever, and dyspnea. Chest 
radiography demonstrated an opaque right hemithorax (fig. 
3A). Multiple attempts at thoracentesis were unsuccessful. Tho- 
racic ultrasound revealed a solid hemithorax (fig. 3B). Fiberop- 
tic bronchoscopy then demonstrated total occlusion of the right 
upper, middle, and lower lobe bronchi with tumor. Therefore, 
the opaque hemithorax represented a consolidated or 
“drowned” right lung distal to the bronchial obstruction. Blood 
cultures grew E. coli, and the patient was treated with a 
combination of radiation and antibiotic therapy with gradual 
clearing of the right lung. 


Case 4 


V. W., a 63-year-old white male, had undergone right pneu- 
monectomy 9 years earlier for epidermoid carcinoma. Current 
chest radiography showed an opaque postsurgical right hemi- 
thorax of diminished volume (fig. 4A). Ultrasound was per- 
formed to compare the sonographic appearance of postpneu- 
monectomy fibrothorax with that of solid parenchymal consoli- 
dation. It showed transmission characteristics identical to case 
3 (fig. 4B). 


Discussion 


The primary usefulness of ultrasound in evaluating 
patients with homogenous opacities on chest films is to 
discriminate between solid and fluid-containing lesions 
and to localize fluid collections for thoracentesis. Both 
large collections ang small loculations of fluid transmit 
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sound well and are homogenous. Their ultrasonic ap- 
pearance is characterized as sonolucent with no internal 
echoes and a well demarcated far wall separating fluid 
and lung (fig. 1B). Loculated areas of empyema or 
hematoma usually appear as sonolucent fluid collec- 
tions. They may contain internal echoes arising from 
necrotic debris or septations. However, the sound trans- 
mission has been adequate to demonstrate strong far 
wall echoes which demarcate these lesions from adja- 
cent lung [1] (fig. 2B). 

Normal lung transmits sound very poorly and quickly 
dissipates the ultrasonic beam. The ultrasonic appear- 
ance of the normal chest is characterized by reverbera- 
tion artifacts with periodicity created by the sound beam 
bouncing between the transducer and the totally reflec- 
tive lung (fig. 1D). Consolidated lung and fibrothorax 
have an identical ultrasonic appearance with far better 
sound transmission than that of normal lung. The dense 
pattern of homogenous internal echoes has a gray tone 


WR 





Fig. 1.—A, Posteroanterior chest film showing opacification of right 
lower hemithorax and some aeration of right upper lung zones. B, 
Transverse scan of right hemithorax demonstrating sonolucent pleural 
fluid (F), compressed lung (open arrow), and heart with valve motion 
(closed arrow). C, Longitudinal scan of right upper quadrant showing 
liver (L), kidney (K), diaphragm (arrowheads), pleural effusion above 
diaphragm, and compressed lung (open arrow). D, Transverse scan of 
normal lung for comparison showing poor sound transmission and "tree 
ring" artifactual echo pattern (arrows). 


quality and distribution similar to that of normal liver 
(figs. 3B and 4B). 

We have found ultrasound most helpful in the follow- 
ing situations. 

Totally opacified hemithorax on chest film. Massive 
pleural effusion and parenchymal consolidation can be 
differentiated. 

Pleural-based radiographic opacities. Fluid-filled and 
solid lesions can be distinguished and the fluid localized 
for efficient thoracentesis. This is particularly helpful 
when only a portion of the radiographic abnormality is 
composed of fluid, which can mislead fluoroscopically 
guided thoracentesis. Gryminski et al. [2] state that as 
little as 5 ml of loculated fluid can be detected. 

Abnormal lung base. An upper quadrant longitudinal 
scan of the abdomen can be used to locate the dia- 
phragm and differentiate among an elevated diaphragm. 
a subpulmonic pleural effusion, and a subdiaphragmatic 
fluid collection [4]. This procedure is less useful on the 
left because air in the stomach will block ultrasound 
penetration. 

Anterior mediastinal masses. These can be examined 
for cystic and solid components if they abut the chest 
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Fig. 2.—A, Posteroanterior chest film showing opacification of left 
lower hemithorax and elevation of hemidiaphragm revealed by cephalad 
position of stomach (arrow). B, Transverse scan of left lower hemithorax 
demonstrating two posterior loculated sonolucent fluid collections with 
internal septation (arrows). Transverse scans of upper abdomen identi- 
fied normal-appearing spleen and left kidney caudal to the loculations. 


Fig. 3.—A, Posteroanterior chest film showing totally opacified right 
hemithorax. B, Transverse scan of right hemithorax showing relative 
homogeneity of internal echo pattern and sonic transmission adequate 
to demonstrate heart valve motion (arrow). 
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wall and adequate ultrasound transmission can be ob- 
tained. 

Thoracic ultrasound does have inherent limitations. 
Because of poor transmission through air, ultrasonic 
evaluation requires that the abnormality must be in 
contact with a pleural or mediastinal surface. A loculated 
effusion which has begun to organize into a semisolid 
state but is not yet fibrotic may appear sonolucent, but 
defy attempts at fluid aspiration [1, 8]. It can be difficult 
to detect a layer of fluid which is 1 cm wide or less [1]. 
Lastly, a pleural-based parenchymal abscess or fluid- 
filled cyst would be difficult to distinguish from a pleural 
process by ultrasound alone. 


REFERENCES 


1. Doust BD, Baum JK, Maklad NF, Doust VL: Ultrasonic 
evaluation of pleural opacities. Radiology 114:135-140, 
1975 


HIRSCH ET AL. 





Fig. 4.—A, Posteroanterior chest film showing opacified hemithorax 
after right pneumonectomy with resulting fibrothorax. B, Transverse 
scan of right hemithorax demonstrating transmission characteristics of 
solid tissue, similar to fig. 3B. 
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Mammographic Patterns and Risk of Breast Cancer 


SARAH HAINLINE,' LAWRENCE MYERS,? ROBERT McLELLAND,? JOSEPHINE NEWELL? 
SEYMOUR GRUFFERMAN,? AND WILLIAM SHINGLETON* 


A study of 171 breast cancer cases matched by age and 
race to asymptomatic controls was undertaken to check 
Wolfe’s assertion [1, 2] that breast cancer risk depends 
strongly on the mammographic classifications N1, P1, P2, and 
DY. The classifications were made blindly relative to all 
variables, including the case-control factor. Distribution of the 
four categories among the breast cancer patients in this study 
was consistent with the distribution found by Wolfe. (P = .46). 
Our age-standardized risk ratio estimates of the categories, 
relative to N1, are 1.5 for P1, 2.7 for P2, and 7.2 for DY. While 
not as striking as Wolfe’s estimates, the same monotone trend 
is evident, and the cases and controls differ significantly with 
respect to the distributions of the four categories (P << .01). 


Wolfe [1, 2] has defined four types of mammographic 
patterns on the basis of appearance of the breast paren- 
chyma. N1 denotes a normal breast composed mainly of 
fat. P1 and P2 denote lesser and greater degrees of 
ductal prominence. DY denotes a generally dense breast 
extensively involved with dysplasia, which may or may 
not be obscuring a prominent ductal pattern. More 
detailed definitions of the categories may be found in his 
papers. 

Wolfe [1, 2] has claimed that the categories, taken in 
the order N1, P1, P2, DY, reflect successive and signifi- 
cant increases in risk of breast cancer, with his DY group 
having a 37 times greater incidence than N1. This claim 
is disputed by Mendell et al. [3], whose classifications 
were apparently made with knowledge of which women 
had breast cancer. Wolfe responded [4]. We reexamine 
the issue. 


Subjects and Methods 


Medical records were reviewed of all women with breast 
cancer diagnosed at Duke from 1974-1976. Xeromammograms 
taken within 12 months of mastectomy were available for 171 of 
the patients. From an extant data set on asymptomatic women 
presenting for breast cancer screening in 1975, 171 controls 
were matched to the tumor cases by age and race. Asympto- 
matic is defined as having no history of pain, lump, or discharge 
in either breast, and no evidence of any of these on physical 
examination. 

Of the women in each sample, 85% were white; the rest were 
black except for one American Indian pair. Age distribution of 
pairs, in 5-year intervals, was: 35-39, 12; 40-44, 12; 45-49, 23; 
50-54, 28; 55-59, 31; 60-64, 23; 65-69, 24; 70-74, 15; and 75- 
79, three. 

Mammograms of the breast cancer patients were randomly 
mixed with those of the asymtomatic women, and one of us (R. 
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McLelland) was presented with the full set of 342 mammograms 
in subsets of approximately 50 each. He reviewed mammograms 
of only one breast for each woman. For all but two of the cancer 
patients the mammograms of the negative breast were used; for 
the asymptomatic women, mammograms of a single breast 
chosen at random were used. Each mammogram was classified 
according to his interpretation of the Wolfe criteria. 


Results 


Table 1 shows the distribution of the Wolfe classifica- 
tions among breast cancer patients as well as controls. 
The corresponding x? statistic with 3 df exceeds 20 (P < 
.0001). A Mantel-Haenszel 1 df x? test for monotone trend 
in successive risk ratios (method 1 of [5]) was also 
performed using strata defined by the 5 year age intervals 
(P « .0001). The standardized risk ratio estimates relative 
to N1 were 1.5, 2.7, and 7.2 for P1, P2, and DY, respec- 
tively. Notably, women with DY classifications appear to 
have a sevenfold greater risk of breast cancer than 
women with N1 classifications. 

Similar analyses were performed on the 2 x 2 tables 
obtained by combining N1 with P1 and P2 with DY (P — 
.0003). The relative risk estimate was 2.5 for P2 + DY 
relative to N1 + P1. 

With the null hypothesis that the distribution of Wolfe 
classifications is the same in both the cancer and asymp- 
tomatic populations, all probability values are at least an 
order of magnitude smaller than .01, and lead to rejec- 
tion of the hypothesis. 

Finally, the Mantel-Haenszel test, with strata defined 
by Wolfe's 10-year age intervals, was used to check for 
differences between the Wolfe classifications of the 171 
women with breast cancer in our study and the 76 breast 
cancer patients reported by Wolfe (pooled studies 1 and 
2 from [1]). There was no suggestion of a difference (P 
— .46), so the breast cancer population and mammo- 
graphic classification procedures used here appear sim- 
ilar to Wolfe's. 


Discussion 


Our findings support Wolfe's assertion that breast 
cancer risk increases through the categories N1, P1, P2, 
DY. The results of Mendell et al. [3] did not confirm 
Wolfe's finding. Wilkinson et al. [6], in a study reported 
after ours was submitted for publication, used a similar 
design to analyze the mammograms of 42 women with 
breast cancer and 84 age-matched women with no his- 
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TABLE 1 


Distribution of Wolfe Classifications among Breast Cancer 
Patients and Asymptomatic Controls 














Mammographic Classification 
N1 P1 P2 DY 


Breast cancer patients ..... 12 26 58. | 75 di 
Asymptomatic controls ...... 29 40 62 40 
Risk estimates' ............ 1.0 1.5 e TR 


* Relative to N1, age stratified; P < .0001. 








tory of breast cancer. Risk increasing steadily from N1 to 
DY was found significant at the .01 level, with DY having 
an apparent sixfold greater risk than N1. 

Results from our study, that of Wolfe [1], and those 
reported by Wilkinson et al. [6] are in reasonable agree- 
ment (P = .30) on the distribution of the four patterns 
among patients with breast cancer. The distribution 
obtained by Mendell et al. [3] differed from Wolfe's (P — 
.001), which was attributed by them to a bias in Wolfe's 
study induced by requiring an initial mammogram nega- 
tive for carcinoma in order to be eligible for study. It was 
felt this favored the inclusion of women with P2 and DY 
classifications whose densities obscured underlying car- 
cinomata. 

The "bias" is absent from the study of Wilkinson et al. 
[6] as well as ours, and distributions were still similar to 
those reported by Wolfe among patients with breast 
cancer. Unlike Mendell et al. [3], classifications were 
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made without knowledge of which women had breast 
cancer. Even if Wolfe's results held only for populations 
with initial mammograms negative for carcinoma, they 
could still be of considerable importance for screening 
purposes. 

We believe that ductal prominence and dysplasia as 
determined by mammography are significantly related to 
risk of breast cancer. 
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Contact Spot Xeromammography in the Early Diagnosis of Breast Cancer 


JERRY B. BUCHANAN' AND RAMA M. JAGER? 


As currently used, xeromammography is a sensitive and 
specific test to detect early breast cancers. However small the 
incidence of false positive and false negative diagnoses may 
be, they do lead to either false assurance of health in some 
breast cancer patients or cause some cancer-free women to 
undergo further radiologic and/or surgical diagnostic workup. 
To improve the accuracy of xeromammography in breast 
cancer diagnosis, contact spot xeromammography was used 
to enhance the image detail when findings on the conventional 
xeromammogram proved ambiguous. This contact spot tech- 
nique has now been used about 2,500 times in 10,000 asymp- 
tomatic women. Our experience with contact spot xeromam- 
mography is described, including instances in which it led to 
correct diagnoses. 


One approach to the reduction of morbidity and mortality 
from breast cancer is early diagnosis before metastases 
to regional lymph nodes or distant organs occur. 
Among the currently available techniques for early diag- 
nosis of breast cancer, mammography is considered to 
be the most sensitive and specific (R. M. Jager, J. B. 
Buchanan, C. Moore, and H. C. Polk, Jr., unpublished 
data). When used in conjunction with physical examina- 
tion, mammography correctly detects breast cancer in 
85% of asymptomatic patients with breast cancer (sensi- 
tivity) and correctly excludes breast cancer in 90% of 
women who are free of breast cancer (specificity). How- 
ever small the incidence of false positive and false 
negative diagnoses may be, they do lead either to false 
assurance of health in some breast cancer patients or 
cause some cancer-free women to undergo further ra- 
diologic and/or surgical diagnostic workup. 

To improve the accuracy of xeromammography in 
breast cancer diagnosis, we used contact spot xeromam- 
mography to enhance the image detail when findings on 
the conventional xeromammogram proved ambiguous. 
We describe our experience with the use of contact spot 
xeromammography. 


Materials and Methods 


Studies with contact spot xeromammography were done at 
the Louisville Breast Cancer Demonstration Project where about 
10,000 asymptomatic women are screened annually using ther- 
mography, physical examination, and xeromammography. The 
technique described by Wolfe [1] was used to obtain images of 
the breast in the two conventional projections. The xeromam- 
mograms were reviewed by the screening technologist immedi- 
ately after processing; abnormal findings on conventional 
views, when equivocal, were evaluated further with contact spot 
xeromammography. In addition, women with dense dysplastic 
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breasts and those in whom a breast lesion was clinically palpa- 
ble but not visible on the conventional views were examined 
with contact spot xeromammography to obtain improved im- 
ages. 

Contact spot xeromammography is performed using the 
upright Senograph mammography unit [2] with the xeroradiog- 
raphy adaptation kit. This kit consists of a 50 kVp, 40 mA meter, 
a dual filter and shutter assembly, a modified cassette support 
arm, and a sliding cassette holder for xeroradiographic cas- 
settes. A total of 1.5 mm aluminum filtration is used for xero- 
mammographic imaging in the 35-45 kVp range. One of several 
contoured, cylindrical, or rectangular localizers can be used to 
provide maximum compression. We most frequently use the 18 
cm field, 28 cm focal-skin distance contoured localizer. For 
clustered calcifications, the 6 cm diameter, 28 cm focal-skin 
distance cylindrical localizer is selected. For deeply lying 
masses, calcifications, or areas of architectural distortion lo- 
cated close to the retromammary space, the 20 x 6.5 cm 
rectangular cone is the localizer of choice. 

With these smaller diameter localizers and in the very dysplas- 
tic breasts, we have found the negative mode technique to be 
superior. Imaging in this mode totally eliminates the powder 
deletion area about the cone margins. As familiarity with nega- 
tive mode technique is gained, the negative mode will probably 
be used almost exclusively, as we currently do. In fact, the 
negative mode technique is necessary for small lesions close to 
the breast periphery in order to eliminate the powder deletion 
artifacts. 

In positioning the patient, the area of interest is placed 
closest to the image receptor for maximum resolution and 
detail. The 0.6 mm focus molybdenum target, closer approxi- 
mation of the area of interest to the image receptor, reduction 
in scatter secondary to more precise collimation, constant 
potential generator, maximum breast compression, and lack of 
discernable motion contribute to greatly improved detail and 
resolution. 


Results 


Of all women screened at our center over the past 4 
years, about 2,500 underwent contact spot xeromam- 
mography in addition to the conventional study. Major 
indications for the additional study were (1) ambiguous 
findings on xeromammography, such as masses (18%), 
calcifications (2996), and architectural distortions (3895), 
requiring more detailed evaluation before final interpre- 
tation; (2) a palpable mass not visible on conventional 
xeromammography (396); (3) further study of the dense 
dysplastic breast (896); or (4) a combination of the above 
(496). 

When a mass was palpable on physical examination 
but not visible on the conventional study, contact spot 
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Fig. 1.—A, Conventional mediolateral xeromammogram of left breast containing palpable but xeroradiographically invisible 
mass (arrow). B, Close-up of same lesion on contact spot xeromammogram. 





xeromammography of the clinically suspicious area at 
times demonstrated the details of the mass leading to a 
correct diagnosis of cancer (fig. 1A). The indistinct 
margins and unsuspected punctate calcifications were 
disclosed by contact spot imaging (fig. 1B). Suspected 


Fig. 2.—A, Mediolateral xero- 
mammogram suggesting calcifica- 
tions. B, Contact spot xeromammo- 
gram enhancing true nature and ex- 
tent of calcifications. 


calcifications can be evaluated in greater detail using 
this method. In a number of instances unsuspected 
microcalcifications in the presence of larger calcifica- 
tions were detected (fig. 2). 

Contact spot xeromammography also delineates am- 
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Fig. 3. — Conventional mediolateral xeromammogram showing ambiguous mass in negative (A) and positive (B) modes. Contact spot 
xeromammogram of ambiguous area in negative (C) and positive (D) modes correctly identifying 5 mm scirrous carcinoma. (Reprinted 


with permission from [3]) 





Fig. 4. —A, Routine mediolateral projection showing poorly defined mass. B and C, Contact spot xeromammograms in two projections 


permitting accurate evaluation of benign mass characteristics. 


biguous masses and permits improved resolution and 
detailed analysis of the mass characteristics. In figure 3, 
the conventional examination earmarked the abnormal 
area, but a definitive diagnosis of cancer could be made 
only by contact spot imaging. Similarly, the benign 
characteristics of the subtle mass in figure 4 are clearly 
demonstrated by contact spot xeromammography. 
Asymmetrical tissue densities, summation shadows. 
and areas of architectural distortion can be studied in 
detail and accurately assessed. The true significance of 
the asymmetrical findings in the case shown in figure 5 
was realized following contact spot imaging; a recom- 
mendation for biopsy was made with a high level of 


confidence. More often, the recommendation not to 
biopsy is made with the same level of confidence. Of the 
97 cancers thus far detected in the Louisville Breast 
Cancer Detection Demonstration Project, 55 had addi- 
tional contact spot xeromammography. In nine of these 
patients, the additional study led directly to the recom- 
mendation for biopsy by raising the index of suspicion. 


Discussion 


With contact spot xeromammography, detail on radio- 
logic images is much enhanced because of (1) reduction 
in scatter, (2) reduced object/film distance, (3) immobi- 
lization of the breast, (4) breast compression, (5) con- 
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Fig. 5.—A, Conventional mediolateral views showing asymmetric tissue density in lower quadrant of breast on left (arrow). B and C, Contact spot 
xeromammogram in two projections defining tiny malignancy. 


TABLE 1 
Radiation Exposure with Contact Spot Xeromammography 














Technique —" ger il Total 
Positive mode: 
With 0.5 mm filter ......... 1.9 1.3 3.2 
With additional 1.0 mm fil- 
TOP nok. we esis dake eee eum 1.4 0.91 2. 
Negative mode with addi- 
tional 1.0 mm filter ...... 0.96 0.84 1.8 








stant potential generator, and (6) small focal spot. 
Compression of breast parenchyma not only leads to 
immobilization but also displaces superimposed glan- 
dular tissue, leading to better imaging of the lesion [4]. 

With the current techniques in conventional xeromam- 
mography, a high degree of specificity and sensitivity IS 
feasible, especially when combined with physical exam- 
ination. However, this degree of excellence still leaves 
1096 of patients with breast cancer falsely assured of 
freedom from cancer; 1596 of women who are free of 
breast cancer may have to undergo unnecessary diag- 
nostic workup, including repeated mammography or 
surgical biopsy. Although contact spot xeromammogra- 
phy does not increase the sensitivity and specificity of 
xeromammographic diagnosis of breast cancer to 100%, 
the false positive and false negative rates may often be 
reduced. This is evidenced in our screening experience 
in which one cancer has been found for every 2.7 
patients undergoing biopsy on the basis of mammo- 
graphic findings only. 

In addition to improving the diagnostic accuracy of 
xeromammography, contact spot xeromammography is 
useful in obtaining an image of the suspicious area 
without exposing the whole breast to radiation exposure. 
Even though a single xeromammographic examination 
does not expose the patient to a medically significant 
radiation hazard, repeated examinagions as required for 
annual breast cancer screening may carry a slightly 
greater risk. Contact spot xeromammography results in 
about 1.0 R to the skin surface (table 1) and yields more 
definitive information regarding the suspicious areas. 


Conclusions 


As currently used, xeromammography is a sensitive 
and specific test to diagnose early breast cancers. The 
comparatively low prevalence of breast cancer, the grav- 
ity of the disease, and the high cost of breast biopsy 
workup make even the currently achievable low false 
positive and false negative rates unacceptable. When the 
conventional xeromammogram demonstrates a suspi- 
cious or equivocal lesion, contact spot xeromammogra- 
phy of the same lesion markedly improves the probability 
of correct diagnosis. The technique is also useful in 
follow-up of clustered calcifications and small, solitary, 
well defined masses when observation rather than treat- 
ment is recommended. 

The primary advantages of contact spot xeromammog- 
raphy are that it (1) enhances mass characteristics, (2) 
permits detailed resolution of punctate calcifications, (3) 
resolves ambiguous areas of architectural distortion, (4) 
improves diagnostic accuracy in dysplastic breasts, and 
(5) allows thorough evaluation of asymmetrical tissue 
densities. It also decreases benign biopsies, improving 
the cancer/biopsy ratio. The secondary advantages of 
contact spot imaging are that it decreases patient recalls, 
decreases radiation exposure, improves credibility with 
referring physicians, and allows objective evaluation of 
mammography screeners. It also decreases patient anx- 
iety and increases the interest of the technologist. We 
propose that contact spot xeromammography be incor- 
porated into the current use of xeromammography for 
the detection of breast cancer. 
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Diagnostic 
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Case 
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Ovarian Mass, Bone Metastases, and a Breast Lesion 


This 50-year-old postmenopausal woman was first seen 
with vaginal bleeding. Examination revealed a 4 cm 
soft mass in the left breast and a large pelvic mass, and 
there were diffuse lytic lesions in the pelvis on a radio- 
graphic bone survey (see above). Radiologic chest ex- 
amination, an upper and lower gastrointestinal series, 
and an intravenous urogram were all normal, as were a 
complete blood count and serum and urine electropho- 
resis. A mammogram of the left breast (no longer avail- 
able) was reported to show "no evidence of malignancy." 

Because of persistent anemia (thought to be second- 
ary to prolonged vaginal bleeding), a bilateral salpingo- 
oophorectomy with total abdominal hysterectomy was 
performed. Histopathologic examination of the speci- 
men led to a diagnosis of granulosa cell tumor of the 
ovary with metastasis to the myometrium. Other differ- 
ential diagnoses considered included a carcinoid within 
the ovary and hemangiopericytoma or endolymphatic 
stromal myosis of the uterus. Biopsy of a lytic area near 
the posterior iliac crest revealed a poorly differentiated 
metastatic lesion. The patient was placed on phenylala- 
nine mustard. 

On follow-up examination 7 months later the radiolo- 
gist commented that the osseous metastases in the 
pelvis had not changed, but that they seemed more 
consistent with metastatic mammary carcinoma than 
with ovarian malignancy. The next month a consulting 
pathologist reviewed the original slides at a seminar 
sponsored by the California Tumor Registry. He sug- 
gested that the small cell tumor originally found both in 
the ovary and the uterus was likely a metastatic breast 
carcinoma. He commented on the recurring tendency to 
misdiagnose poorly differentiated ovarian tumors with 
low mitotic counts as "granulosa cell tumors." 


Four years after she was first seen, the breast mass 
had grown to 5 cm and was associated with skin infiltra- 
tion (peau d'orange). It appeared as a diffuse infiltrating 
lesion of relatively low density on xeromammography 
(fig. 1). Wide segmental resection of the breast mass 
revealed an infiltrating ductal carcinoma. The excised 
tissue was assayed and found to be positive for estrogen 
receptor sites. The patients anemia remained un- 
changed (presumably as a result of widespread meta- 
static involvement of the marrow, rather than vaginal 
bleeding). A pathologic fracture of the right seventh rib 
was also noted, and a technetium phosphonate bone 
Scan demonstrated numerous foci of increased skeletal 
uptake. Packed red cell transfusions were given, and 
androgens, multiagent chemotherapy, and local irradia- 
tion to symptomatic bone metastases were combined for 
the revised treatment plan. 


Discussion 


The natural history of the neoplasm originally diag- 
nosed on the surgical specimens differs from the ob- 
served clinical findings and subsequent course. Granu- 
losa cell tumors of the ovary rarely are malignant or 
aggressive in their biologic behavior. The 5 year survival 
is nearly 90% [1]. The few deaths attributable to granu- 
losa cell tumors are from intraabdominal carcinomatosis 
and usually occur many years after diagnosis and the 
initial surgical procedure. Extensive osseous metastases 
from granulosa cell tumors have not been documented. 
Hemangiopericytomas and endolymphatic stromal myosis 
of the uterus rarely metastasize. Carcinoid tumors in the 
ovary may occasionally be associated with the carcinoid 
syndrome. which was absent in this patient. 

It is important that an initial "negative" mammogram 
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in a patient with a palpable breast mass not dissuade the 
clinician from determining its histology. An attempt to 
aspirate dominant breast masses in women over 45 years 
of age should always be made, and if no fluid is obtained 
a biopsy should be performed [2]. Whereas mammary 
carcinomas commonly metastasize to bone, ovarian ma- 
lignancies rarely do, and osseous dissemination at the 
time of initial diagnosis has never been convincingly 
documented. It is of interest that a delayed review of the 
original slides suggested metastatic breast carcinoma to 
the ovary and the uterus on histologic grounds alone. 
The reviewing pathologist was not aware of the breast 
mass, the osseous radiographic findings or the bone 
marrow biopsy result at the time of consultation. Simi- 
larly, a radiologist also questioned the diagnosis of an 
ovarian malignancy metastatic to bone on the strength 
of the radiographic findings alone. 

It is understandable for the clinician to focus initially 
upon a palpable gynecologic mass, particularly with 
associated vaginal bleeding, but it is a mistake to deem- 
phasize concern for a concurrent breast mass because 
of "negative" mammograms. An undifferentiated tumor 
in the ovary and uterus, a dominant breast mass, and 
lytic defects in the pelvic bones, as noted when the 
patient was first seen, strongly suggested breast carci- 
nomatosis. The entire constellation of radiographic, 
pathologic and clinical findings must always be consid- 
ered together, in the context of the known biologic 
behavior of disease entities which are under considera- 
tion; inconsistencies in the available data cannot be 
ignored [3]. 





Fig. 1. —Xeromammogram showing area of increased density (arrow- 
heads) adjacent to low density mass (arrows) which displaces surround- 
ing breast tissue. No calcifications are seen. 


The most common extragenitai origin for a clinically 
evident ovarian metastasis is a breast primary [4]. How- 
ever, autopsy series reveal that metastases to the ovaries 
from gastrointestinal tumors are more frequent [5]. In an 
autopsy study of patients dying from adenocarcinoma of 
the breast, bone metastases were found in 70% [6]. In 
the same series, ovarian and/or uterine metastases were 
noted in 2096 of the patients if bone involvement was 
also present. On the other hand, the incidence of mam- 
mary carcinoma metastases to the uterus and/or the 
ovary is negligible if lung, liver, or bone are not involved 
[7]. 

Willis [5] states that metastatic tumors in the skeleton 
occur in only 596 of fatal cases with uterine adenocarci- 
noma primaries. Bone metastasis from cancer of the 
ovary is not even mentioned in his series. Cancer of the 
ovary spreads beyond the abdominal cavity through the 
diaphragm to the pleurae only late in its course, when 
extensive intraabdominal carcinomatosis is present [8]. 


Conclusions 


Negative mammograms alone should never discour- 
age aspiration and/or biopsy of a dominant breast mass. 
Metastatic bone disease is very unusual in ovarian carci- 
noma but common with a breast primary. On the other 
hand, ovarian metastases associated with breast cancer 
are not rare and may become clinically apparent. 

Breast carcinomatosis could have been diagnosed 4 
years earlier in this patient if all available clinical, radio- 
logic, and pathologic data had been considered together 
in context. Paradoxically, bilateral oophorectomy may 
have been an appropriate treatment (for estrogen-sensi- 
tive disseminated mammary carcinoma) and have con- 
tributed to a 4 year clinical remission following the initial 
surgical procedure. 
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Case Reports 


Unilateral Polycystic Kidney Disease 


JOSEPH K. T. LEE,' BRUCE L. McCLENNAN,' AND JOHN M. KISSANE? 


Although involvement of the kidneys by the adult form of 
polycystic kidney disease may be asynchronous or asym- 
metric, the disorder is thought of as invariably bilateral 
according to some pathologists [1]. Scattered cases of 
unilateral polycystic kidney disease have been reported 
in the urologic but not the radiologic literature. These 
are either ignored, interpreted as misdiagnosis, or 
frankly accepted as inexplicable by most authors [1]. We 
report a very unusual case recently seen in our hospital. 


Case Report 


A. C. R., a 72-year-old white male, was admitted to Barnes 
Hospital for evaluation of recent onset of lower abdominal pain. 
History and physical examination on admission were unremark- 
able except for a questionably palpable left lower quadrant 
mass. Routine laboratory studies show mild elevation of serum 
creatinine level (1.9 mg/100 ml) and blood urea nitrogen (21 
mg/100 ml). Blood chemistries (SMA 6) and urinalysis were 
normal. The patient had previously been healthy and had no 
family history of renal disease. 

Excretory urography showed a normal right kidney. The left 
kidney was enlarged, measuring 21.5 cm in length (fig. 1). There 
was delay in excretion and marked distortion of the pelvocaly- 
ceal system by numerous lucent-appearing masses on the left. 
Sonography revealed multiple sonolucent areas in the left 
kidney with an enlarged irregular contour (fig. 2). CT confirmed 
the presence of multiple masses in the left kidney with an 
attenuation coefficient similar to water, confirming their cystic 
nature. The opposite kidney was normal on CT at multiple 
window settings (fig. 3). The liver and pancreas were also 
normal on CT. 

Angiography showed marked diminution in the caliber of the 
left renal artery (fig. 4). Intrarenal branches were attenuated and 
splayed. The intrarenal mass effects were poorly demonstrated 
due to lack of vascular supply. No neovascularity was demon- 
strated. Because of decrease in renal function on that side, the 
nephrographic phase was rather faint and did not show the 
typical "Swiss cheese" pattern described in adult polycystic 
kidney disease [2]. The right kidney was normal angiographi- 
cally. 

The patient underwent left nephroureterectomy. The right 
kidney was not examined or palpated. The left kidney weighed 
1,440 g and was 22 cm long. The kidney was reniform with a 
multibosselated appearance due to the cysts (fig. 5). The largest 
cyst measured 6.5 x 5 x 5 cm; the ureter measured 0.8 cm. 

Microscopically, multiple sections from the kidney showed 
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innumerable epithelial-lined cysts interposed among patches of 
noncystic renal parenchyma which was the site of nonspecific 
arterial and arteriolar nephrosclerosis and interstitial inflamma- 
tion not unusual for a patient over 70. The epithelial lining of 
the cysts was usually an attenuated single layer of flattened 
cells resting on a basement membrane but without a mesenchy- 
mal investment. Often the lining was discontinuous. No lining 
was interpreted as characteristic of any segment of the normally 
differentiated nephron. No glomerular capillary tufts were iden- 
tified in any cyst. The interstitium was focally fibrotic. Dysonto- 
genic elements such as smooth muscle or cartilage were not 
identified. Gross and conventional light microscopic features in 
no way differed from adult polycystic disease. 

Eight large blocks were examined by scanning electron 
microscopy. A nonspecific simple epithelial lining, often discon- 
tinuous (probably artifactually), was demonstrated in most 
cysts. No glomerular tufts were demonstrated in any of the cysts 
examined. Transmission electron microscopy and nephron dis- 
section were not performed. 


Discussion 


Adult polycystic kidney disease falls under type III of 
the classification of Osathanondh and Potter [3]. Any 





^s 





Fig. 1. CNephrotomogram showing markedly enlarged left kidney with 
indistinct renal outline. Note gross distortion and poor opacification of 
calyceal system (arrows). e 
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Fig. 2. —A, Longitudinal 





sonogram of left kidney with patient prone showing lobulated renal outline with multiple sonolucent masses. Note smooth 
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posterior walls and increased through-transmission confirming their cystic nature. B, Transverse sonogram with patient prone showing normal right 


kidney and enlarged left kidney. 
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Fig. 3.—CT scan after intravenous administration of contrast material 
demonstrating multiple low-density masses in left kidney. All these 
masses had attenuation coefficient similar to water. 


portion of the nephron or collecting tubule may be 
enlarged and cystic, so that there are cysts throughout 
both the cortex and the medulla. Involvement is occa- 
sionally asymmetrical, but is regarded as potentially 
bilateral by definition. Review of the literature [4-11] 
reveals occasional reports of unilateral involvement in 
adult polycystic disease. In some cases, the pathologic 
descriptions better fit multicystic-dysplastic kidney dis- 
ease (type ll) rather than adult-type polycystic kidney 
disease (type Ill). In several other cases reported before 
the classification was developed [3], there were no de- 
scriptions of histologic findings. Therefore, it is difficult 
to judge whether these cases are truly adult polycystic 
disease or some other types of cystjc disease. The case 
reported in 1972 by Sellers et al. [9] was said to have 
microscopic changes characteristic of adult polycystic 
disease on wedge renal biopsy. However, since the 
patient was only 37 years old, there is question as to the 
validity of assumption that the other kidney was normal. 





Our patient was 72 years old. By using all the available 
diagnostic modalities, including ultrasound, CT, and 
angiography, we were unable to detect any involvement 
of the right kidney. The presence of a normal ureter and 
the absence of dysontogenic tissue, such as cartilage in 
the involved kidney, essentially excludes the possibility 
of a multicystic-dysplastic kidney undiagnosed through 
eight decades of life. 

No gross or conventional microscopic features rigor- 
ously distinguish adult polycystic disease from a kidney 
exceptionally affected by multiple simple cysts. However, 
the distinction is ordinarily not difficult. In the latter it is 
usually possible to count the cysts, and there is topo- 
graphic inhomogeneity in their distribution and consid- 
erable variability in their size. The literally innumerable 
cysts of adult polycystic disease are uniformly distributed 
throughout the kidney and are relatively uniform in size 
(i.e., a few millimeters to a few centimeters, ordinarily 
not more than a ten-fold range of diameter). It has been 
suggested that multiple simple cysts may rarely be con- 
fused with adult polycystic disease, but the kidneys with 
simple cysts tend to weigh significantly less [12]. 

Since this patient's left kidney has all the macroscopic 
and microscopic findings of adult polycystic kidney dis- 
ease, we postulate that his right kidney has cystic in- 
volvement below the resolution of our modern radio- 
graphic techniques or that the same disease process will 
eventually express itself in the right kidney if the patient 
lives long enough. When a unilaterally enlarged kidney 
with distorted pelvocalyceal system is discovered in a 70- 
year-old man, several conditions, including hyperne- 
phroma, angiomyolipoma, multicystic-dysplastic kidney, 
and multiple simple cysts, should be considered in the 
differential diagnosis. 

Hypernephroma exhibits a different echo pattern than 
cystic disease of the kidney on sonography. It can also 
easily be differentiated from renal cysts by CT, and it 
rarely involves the entire kidney. Angiomyolipoma can 
be differentiated because of its fat content which has a 
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Fig. 4.—A, Midstream abdominal aortogram showing small caliber of left renal artery and splaying of intrarenal branches. B, Later film from same 
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injection demonstrating poor nephrogram on left. Note absence of typical "Swiss cheese" nephrographic pattern as described in adult polycystic 


kidney disease. 
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Fig. 5.—Capsular (A) and cut (B) surfaces of left kidney. Kidney 
weighed 1,440 g, was grossly reniform, and was distorted by innumerable 
cysts which ranged from a few millimeters to 6.5 x 5 x 5 cm. 


very low attenuation coefficient on CT. Multicystic-dys- 
plastic kidney usually has no visualization, may be calci- 
fied, and has an atretic ureter. The hydronephrotic form 
of unilateral multicystic kidney as described by Felson 
and Cussen [13] can be excluded if there is a nondilated 
pelvocalyceal system (as in this case). Multiple simple 
cysts can occasionally distort the pelvocalyceal system; 





however, the cysts are mainly cortical, and the kidney 
usually shows better excretion than in adult polycystic 
disease. It would be just as unusual for multiple cysts of 
this extent to be unilateral as for adult polycystic disease. 
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Angiography of Multiple Asynchronously Manifest Pheochromocytomas: 
The APUD Concept 


MURALI SUNDARAM,' SOMNUK SRIVISAL, DAPHNE DE MELLO, AND RICHARD K. DANIS? 


The APUD (amine precursor uptake and decarboxylation) 
concept [1] is a currently favored explanation for multiple 
primary pheochromocytoma. We discuss the relevance 
of this concept and report the angiographic demonstra- 
tion of at least a dozen discrete tumors in a girl who was 
first seen with an extraadrenal pheochromocytoma. Two 
of the metastases showed angiographic appearances in- 
distinguishable from the primary tumors. 


Case Report 


A 12-year-old Caucasian girl had a 1 year history of exces- 
sive sweating, flushing, and frontal headaches. She was of 
average height and weight and of normal intelligence. Physical 
examination revealed a blood pressure of 140/110 mm/Hg and 
evidence of papilledema on the right side. A chest radiograph 
and intravenous urogram showed no abnormality. The major 
biochemical abnormality was elevated total catecholamines on 
two consecutive occasions: 3,000 and 2,630 49/24 hr (normal, 
less than 230). On a repeat test, total catecholamines consisted 
of 32% noradrenaline and 68% adrenaline. Vanillylmandelic 
acid (VMA) was 112 mg/24 hr. 

Aortography demonstrated a left extraadrenal pheochromo- 
cytoma just below and medial to the left renal hilus. At surgery 
a6 x 10 cm tumor was found invading the renal vein, necessi- 
tating removal of the left kidney. Histology confirmed the tumor 
to be a pheochromocytoma with invasion of the renal vein. The 
patient was discharged 1 week after surgery. After remaining 
well for 12 months, she was admitted for reinvestigation when 
total catecholamines were found to be elevated. The only 
symptoms were night sweats; chest radiographs and intrave- 
nous urogram were normal. 

Midstream aortography suggested possible recurrence of the 
tumor at the original site. No other tumors were seen in the 
abdomen and pelvis (fig. 1). At surgery the left adrenal gland 
and some mesenteric and paraaortic lymph nodes were re- 
moved. Histologically, neither a primary pheochromocytoma 
nor metastasis was identified. The patient's total catecholamine 
level did decrease, however, from 870 ug to 400 ug. Blood 
pressure before and after surgery was 110/60 mm/Hg. The 
patient was discharged shortly after surgery. 

Three months later, the patient was readmitted when total 
catecholamines rose, fluctuating between 700 and 2,900 ug/24 
hr. The only radiographic abnormality was several areas of 
tumor blush on aortography (fig. 2). No tumors were seen in the 
pelvis or adjacent to the distal aorta. Three tumor masses were 
excised from the right paravertebral area from about D11 to L1. 
Several lymph nodes were removed from the level of the 
diaphragm to the right kidney. The retroperitoneal masses were 
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histologically consistent with pheochromocytoma. Lymph 
nodes showed no tumor. The patient was discharged 1 week 
after surgery only to be readmitted 9 months later (2 years after 
initial presentation). Total catecholamines were greatly in- 
creased (over 3,000 4g/24 hr) and VMA was correspondingly 
elevated. Chest radiograph revealed no abnormalities. 

Midstream aortography showed persistence of tumors in the 
thorax (fig. 3A) and additional tumors adjacent to the left 
external iliac artery and aortic bifurcation (fig. 3B). Thoracic, 
abdominal, and pelvic tumors were surgically removed and 13 
specimens submitted for histology. Seven primary pheochrom- 
ocytomas and three nodal metastasis were identified (fig. 4). 
One metastasis was at the aortic bifurcation; the other two were 
in the left iliac lymph nodes. The patient's blood pressure before 
and after surgery was about 130/90 mm/Hg. 

The patient has been followed 2'/2 years since initial presen- 
tation and was recently readmitted for medical investigation. 
Her blood pressure remains at approximately 130/70 mm/Hg, 
total catecholamines are 681 ug/24 hr and VMA is 4.6 mg/24 hr. 
Chest radiographs remain clear. Angiography has not been 
repeated. 


Discussion 


Apart from being the greatest number of pheochro- 
mocytomas angiographically demonstrated, this case 
illustrates the relevance of the APUD concept. 

The second aortogram (fig. 1) 1 year after removal of 
the primary tumor suggested recurrence at the site of the 
initial tumor, although no other tumors were seen. No 
tumor tissue was detected in the material surgically 
removed at that time. The subsequent angiogram a few 
months later showed multiple tumors (fig. 2) in the 
thorax and abdomen. It seems likely that several of these 
tumors were present and functioning at the time of the 
earlier angiogram but were too small to be detected. 

Of the 13 specimens available for histology, three were 
lymph nodes containing tumor. Angiographically, at 
least two of these were identical to the other tumors (fig. 
3B). The remainder were consistent with primary pheo- 
chromocytoma. Considering that the first tumor discov- 
ered 2 years previously had invaded the renal vein 
without evidence of peripheral spread, it is unlikely that 
hematogenous metastatic disease could have selectively 
confined its passage to the sympathetic chain and pelvis. 
Therefore, the tumors within lymph nodes were presum- 
ably the result of local extension of disease, and the 
nonnodal tumors were probably primary pheochromo- 
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Fig. 1.—Midstream aortogram 12 months after removal 
of first pheochromocytoma. No tumors to right of aorta; 
recurrence suspected on left (arrowhead). 


cytomas consistent with the APUD concept [1]. The 
acronym APUD refers to cells of neuroectodermal origin 
that display amine precursor uptake and decarboxylation 
characteristics. Tumors of the cell type are called APUD- 
omas. A recent publication [2] lists APUDomas and 
ectopic hormones produced by these tumors. 

APUD cells are said to be totipotential, migratory, and 
occasionally hormonally active. These features explain 
why APUDomas (of which pheochromocytomas are but 
one tumor type) may be found in ectopic locations and 
produce inappropriate hormones. This concept could 
explain the occasional multiplicity of such tumors on a 
nonmetastatic basis. This concept, which has growing 
clinical bearing, also has some practical interest for 
radiologists. One of us (M. Sundaram) has described an 
intravagal paranganglioma containing abnormal pressor 
amines behaving as a pheochromocytoma [3, 4]. We 
believe wider recognition of the APUD concept, espe- 
cially by angiographers, would reveal more ectopically 
located functioning tumors. 

A further extension of the APUD concept is that an 
unanticipated hypertensive crisis during angiography 
may be an indication of a tumor of the APUD series or 
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Fig. 2.—Subtraction film of thoracoabdominal aorto- 
gram 16 months after first surgery. Note multiple densely 
staining discrete tumor masses (arrowheads). Three tu- 
mors above level of hepatic artery were removed and 
histologically found to be consistent with pheochromocy- 
toma. 


neural crest maldevelopment. Since all tumors of the 
APUD series have the potential to elaborate pressor 
amines, there may be a case for appropriate clinical 
evaluation and biochemical tests to be undertaken prior 
to angiography of any unknown tumor that might belong 
to this group. 

In a review of 100 cases of pheochromocytoma in 
children, multiple tumors were present in 32%. In 596 the 
tumors occurred sequentially as in our case [5]. Multi- 
centricity and sequentially appearing tumors seem to be 
a phenomenon seen in children more often than adults. 
Clearly angiography judiciously employed is of consid- 
erable value in thesfollow-up and management of these 
patients. The fact that two of the tumors seen angio- 
graphically on either side of the left external iliac artery 
were metastatic would suggest that the distinction be- 
tween primary pheochromocytoma and local metastases 
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Fig. 3.— Midstream aortograms 20 
months after initial surgery. A, Tumors 
(arrowheads) in thorax and abdomen 
and two discrete tumors at T7. B, Two 
additional tumors adjacent to left ex- 
ternal iliac artery. Histologically these 
represent metastatic pheochromocy- 
toma. Tumor mass to left of aorta at its 
bifurcation was shown at surgery to 
be primary tumor and nodal metas- 
tasis. 





to nodes is angiographically not always possible. The 
difficulty in managing recurrent and multiple pheochro- 
mocytoma has been discussed [6]. 
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Angiographic Demonstration of Gas and Thrombus in the Portal Vein 


RICHARD S. LEFLEUR,’ MARJORIE A. AMBOS,' MURRAY ROTHBERG,' AND JEFFERY BENJAMIN? 


Air in the portal venous system is a grave sign usually 
associated with bowel necrosis and death. We have 
recently studied a patient with celiac and superior mes- 
enteric angiography who proved to have gas and throm- 
bus in the portal vein due to a ruptured appendiceal 
abscess and who survived. The use of angiography led 
to a correct preoperative diagnosis. The clinical and 
radiologic aspects are presented along with a discussion 
of portal venous gas. 


Case Report 


W. S., a 62-year-old white male, was admitted to Bellevue 
Hospital with a 3 day history of abdominal pain and increasing 
distention. He initially had periumbilical pain which eventually 
localized into the right lower quadrant. He was febrile with a 
temperature of 38.8'C on the day of admission. On physical 
examination he had a moderately distended abdomen and 
tenderness in the right lower quadrant. Pertinent laboratory 
values included hematocrit, 49; hemoglobin, 16 g; and white 
blood cell count, 10,900. During the admission workup he 
became nauseated and vomited a small amount of bright red 
blood. Films of the abdomen showed distended small bowel 
loops with a collection of gas in the right upper quadrant (fig. 
1A). The initial impression was of a gallstone ileus with gas 
within the biliary tree; however, no calcified gallstones were 
seen on the films. Because of the episode of hematemesis, 
endoscopy was attempted but proved unsuccessful. 

A celiac angiogram was performed to determine the site of 
bleeding. The arterial phase showed no evidence of arterial 
bleeding. The venous phase showed an abrupt termination of 
the splenic vein at its junction with the superior mesenteric vein 
(fig. 1B). It was then realized that the lucency on the initial plain 
film was gas within the portal vein. The catheter was intro- 
duced into the superior mesenteric artery, and delayed films 
from this injection showed excellent visualization of the su- 
perior mesenteric vein and again incomplete filling of the 
portal vein (fig. 1C). There was a scalloped appearance to the 
small amount of contrast material outlined against the lucency 
within the portal vein which suggested the presence of throm- 
bus. The patient was taken to surgery with a preoperative 
diagnosis of portal vein gas and thrombus, probably due to an 
intraabdominal abscess. 

Abdominal exploration revealed a perforated appendix with 
an abscess. The superior mesenteric vein and portal vein were 
gently palpated, and crepitation together with an intraluminal 
mass was felt. The portal vein was left intact with no attempt at 
removal of the thrombus. The appendix was removed and the 
abscess drained. For the next 7 days the patient received high 
doses of antibiotics, and after an initial mild febrile course 
became asymptomatic. Repeat celiac angiography 2 weeks after 
surgery showed opacification of the intrahepatic portal venous 
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system with some residual thrombus (fig. 1D). The patient was 
subsequently discharged and has done well. 


Discussion 


Wolfe and Nevins [1] recorded the first cases of gas in 
the portal veins. All were infants and each died with 
marked gaseous distention of the bowel. The authors 
postulated that gas under increased pressure in the 
lumen of the bowel can enter the mesenteric vein and 
collect in the portal system of the liver. Subsequently, 
other cases have been reported [2-5]. The majority were 
due to mesenteric occlusion with gangrene of the intes- 
tine and strangulated obstruction followed by necrotiz- 
ing enterocolitis. Although mesenteric vascular occlu- 
sion with gangrenous bowel has been noted to be a 
principal cause of this entity, intestinal necrosis without 
vascular occlusion has been reported [6]. The etiology of 
gas in the portal system may be due to passage of gas 
from the enteric lumen into the enteric veins [2, 7]. 
Intestinal distention with increased pressure of gas 
within the bowel lumen may force the gas through 
necrotic mucosa into open venous tributaries. This 
would also provide a route for infected particulate matter 
to get to the portal vein, creating a nidus for an infected 
phlebothrombosis. 

The radiographic diagnosis of portal vein gas may be 
made on a plain film of the abdomen which shows 
branching linear gas shadows within the liver that appear 
to originate in the region of the hilus and then to traverse 
the liver in a more or less horizontal fashion approaching 
the right lateral abdominal and chest wall [7]. However, 
gas within the biliary system may be difficult to exclude. 
Usually, gas seen predominantly in smaller peripheral 
branches is considered to lie in the portal vessels; if 
confined to larger more central trunks, it is assumed to 
be in the biliary ducts. While in our case the gas was 
thought to be in the biliary tree from its central position, 
celiac and superior mesenteric angiography demon- 
strated that in fact the gas was in the portal venous 
System. 

Gas in the portal venous system is of ominous prog- 
nostic significance. Only a few cases of survivors of this 
entity have been reported [6, 8, 9]. The presence of gas 
in the portal venous system strongly suggests the possi- 
bility of intestinal necrosis whether due to vascular 
occlusions or necrotizing inflammations. Prompt surgi- 
cal intervention may improve the survival rate in these 
patients. 
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Fig. 1. —A, Admission plain film demonstrating gas-containing structures in right upper quadrant (arrow) and distended loops of small bowel. B, 
Celiac injection, delayed film, showing apparent termination of splenic vein at its junction with superior mesenteric vein (arrow). Faint rim of contrast 
surrounds lucency within portal vein (arrowheads). C, Superior mesenteric artery injection, delayed film, showing superior mesenteric vein draining 
into gas-filled portal vein. Scalloped appearance of contrast material within portal vein suggests thrombus (arrow). D, Celiac angiogram, delayed film, 
2 weeks after surgery showing good opacification of portal vein. Faint linear lucency within it (arrow) represents residual thrombus. 
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Massive lopanoic Acid (Telepaque) Overdose without IIl Effects 


DAVID W. GELFAND,' DAVID J. OTT, ANC ALAN KLEIN 


iopanoic acid (Telepaque, Winthrop Laboratories, New 
York, N.Y.) is a widely used cholecystographic contrast 
material regarded as relatively safe. Although reports of 
toxicity, including fatality, have appeared [1-12], patients 
have also survived large overdoses [13]. We describe a 
record overdose of iopanoic acid in which the patient 
survived without permanent ill effects and with only mild, 
transient renal dysfunction. 


Case Report 


A 42-year-old male scheduled for oral cholecystography in- 
gested 75g of iopanoic acid 1 day prior to the examination. By 
error he had come into possession of a box of 150 tablets and, 
misinterpreting the directions, he ingested six tablets every 5 
min until they were all consumed. He did not vomit but shortly 
began having a severe diarrhea which persisted for the subse- 
quent 16 hr. The next morning a cholecystographic examination 
was performed, and the radiologist noted the excessive contrast 
material in the stomach and intestine (fig. 1). 

The patient was admitted to the hospital. The stomach was 
lavaged and enemas were administered to remove the remain- 
ing iopanoic acid. To prevent crystallization of iopanoic acid or 
uric acid within the kidneys, a large volume of intravenous fluids 
was administered, and the urine was alkalinized with sodium bi- 
carbonate. Serum was obtained daily for assessment of renal 
and hepatic function and for plasma iopanoic acid determina- 
tions. With the exception of a minor elevation of serum creati- 
nine on the first and second days, the biochemical indicators of 
renal and hepatic function remained normal. Serial radiographs 
of the abdomen indicated persistence of gallbladder opacifica- 
tion for 5 days. The patient was discharged after 8 days. 


Discussion 


Numerous morbid and fatal reactions to iopanoic acid 
have been recorded, ranging from mild side effects such 
as nausea, vomiting, cramps, diarrhea, and dysuria [1] 
to severe toxic reactions such as athrombocytosis [2], 
hypotension [3, 4], coronary insufficiency [5], acute 
hepatic necrosis [6], and renal failure [1, 3, 4, 7-12]. 
Reactions have occurred after both normal doses and 
excessive doses up to 15 g, and following combination 
with intravenous cholangiographic agents. Toxic renal 
and cardiovascular reactions are more likely to occur in 
conjunction with preexisting hepatic disease [1, 3, 11]. 

Only two reports of large overdoses of iopanoic acid 
have appeared [13] involving doses of 30 and 36 g, 
respectively. In both cases there were no known seque- 
lae, and biochemical data was not presented. The 
amount ingested in this case exceeds those doses more 
than twofold. E 
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The normal physiologic mechanisms for absorption 
and excretion of iopanoic acid are reasonably well estab- 
lished [14]. Following ingestion, the water soluble por- 
tion of the tablets which does not contain contrast 
material dissolves in the stomach. lopanoic acid, being 
fat soluble, is dispersed in the small bowel contents with 
the aid of bile acids. It is then passively absorbed through 
the small bowel mucosa. Once within the blood stream it 
is, in normal doses, almost totally bound to serum 
albumin. lopanoic acid is eliminated from the serum by 
the hepatocytes, which conjugate it as a glucuronide 
ester, and it is excreted in the bile in this form. The 
conjugated iopanoic acid is water soluble, and the great- 
est portion is eliminated in the feces. A smaller amount 
is excreted in the urine after back-diffusion of the conju- 
gate into the blood. 

Less well established is the mechanism involved in 
toxic reactions, most of which affect the kidneys. Precip- 
itates have been noted in the renal tubules of patients 
who have died after administration of oral cholecysto- 
graphic agents, particularly bunamiodyl [15]. It is uncer- 
tain whether these precipitates represent crystallized 
contrast material, organic detritus, or uric acid crystals. 
It has been shown that oral cholecystographic media are 
strongly uricosuric [16]. 

Considering the physiology of iopanoic acid and the 
suspected mechanisms for toxic reactions, the therapeu- 
tic recommendations of both the drug manufacturer and 
independent authorities are of interest. 

1. Force fluids to avoid hemoconcentration and pos- 
sible precipitation or crystallization of the contrast ma- 
terial or uric acid in the kidneys. 

2. Alkalinize the urine to increase the solubility of the 
iopanoic acid-glucuronide ester and of uric acid, taking 
into account the strong uricosuric properties of iopa- 
noic acid. 

3. Avoid administering any cholocystogogues to re- 
duce the absorption of residual iopanoic acid by mini- 
mizing the amount of bile acid ejected into the duo- 
denum. 

4. Lavage the stomach and administer enemas to 
remove remaining potentially absorbable contrast mate- 
rial. 

5. Administer cholestyramine to chelate both bile 
acids and iopanoic acid and to reduce absorption of 
iopanoic acid. ! 

6. Monitor blood pressure. Hypotension and myocar- 
dial infarction have been reported as complications of 
lopanoic acid administration. 


' All authors: Department of Radiology, Bowman Gray School of Medicine, 300 South Hawthorne Road, Winston-Salem, North Carolina 27103. 


Address reprint requests to D. W. Gelfand. 


Am J Roentgenol 130:1174-1175, June 1978 
© 1978 American Roentgen Ray Society 


1174 


0361-803X/78/0600 -1174 $02.00 





CASE REPORTS 





Fig. 1.—Supine film of abdomen showing dense opacification of 
gallbladder and considerable visibility of common and hepatic bile ducts 
(arrowheads). Large amount of contrast material remains in stomach and 
intestine 16 hr after ingestion of iopanoic acid despite intervening 
diarrhea. 


Limited absorption of the iopanoic acid from the gut 
may have been the important factor in preventing a 
severe toxic reaction in our patient. The radiographic 
appearances of the gallbladder and the biliary ducts 
during cholecystography indicated absorption of a 
greater than usual amount of iopanoic acid (fig. 1). 
However, the large amount of contrast material remain- 
ing in the gut at cholecystography 16 hr later, despite a 
severe intervening diarrhea, indicated that the amount 
absorbed could not have approximated the 75 g in- 
gested. Unfortunately, no measurement was made of the 
amount of iopanoic acid absorbed and then eliminated 
in the bile and urine during the critical period immedi- 
ately after ingestion. 

Several mechanisms probably acted to prevent sub- 
stantial absorption of the 75 g of iopanoic acid. Because 
severe diarrhea ensued immediately after ingestion of 
the tablets, much of the contrast material was eliminated 
before it could be absorbed. After hospitalization, gastric 
lavage and enemas removed most of the remaining 
unabsorbed iopanoic acid from the gut. It is also proba- 


1175 


ble that some mechanism limits absorbtion of iopanoic 
acid from the bowel. This may be related to the extreme 
insolubility of iopanoic acid in water and the limited 
availability of bile, necessary for absorbtion from the 
small intestine, in a fasting patient. 
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Ascitic Fluid in the Anterior Paravesical Fossa: Misleading Appearance on CT Scans 


PETER W. CALLEN,' ROY A. FILLY, AND MELVYN KOROBKIN 


Much has been written concerning the anatomic distri- 
bution of intraperitoneal fluid collections within the ab- 
domen and pelvis based on peritoneography and ultra- 
sonography [1-3]. With the advent of computed tomog- 
raphy and gray scale ultrasonography, small accumula- 
tions of fluid which previously would have been difficult 
to image using conventional radiographic techniques 
can be demonstrated noninvasively [4, 5]. Such fluid 
accumulations tend to gravitate to predictable anatomic 
spaces. We report such an anatomic space which, al- 
though not a common site of fluid collection, can serve 
as a source of confusion when interpreting abdominal 
CT scans. 


Case Report 


A 15-year-old male with a hepatoma of the liver had an initial 
CT body scan which demonstrated multiple low density areas 
within the liver consistent with hepatoma, as well as evidence of 
ascites. A scan 1 month later again demonstrated those abnor- 
malities and, in addition, a "mass" anterior to the urinary 
bladder (fig. 1A). The CT attenuation number of the bladder 
urine was 0 EMI units; that of the anterior paravesical "mass" 
was 15 EMI units, which was identical to the ascitic fluid. The 
patient did not receive therapy. 

At reexamination 2 months later, there was further progres- 
sion of disease within the liver with an appreciable increase in 
the amount of ascites. After administration of intravenous uro- 
graphic contrast material, the prevesical "mass" which was 
previously noted was no longer visible (fig. 1B). However, a 
postvoid scan demonstrated the reappearance of the "mass" 
anterior to the bladder (fig. 1C). The "mass" was again 15 EMI 
units, the same as the ascites. Longitudinal ultrasonography of 
the pelvis before and after voiding confirmed that ascitic fluid 


insinuated into an anterior paravesical space when the bladder 
was partially emptied (fig. 2). 


Discussion 


In their discussions of the anatomic distribution of 
intraperitoneal fluid, Meyers[6] and Whalen [7] note that 
intraperitoneal fluid is first seen to collect within the 
pelvis in the central pouch of Douglas and the lateral 
paravesical fossae. As the amount of fluid increases, it 
ascends from the pelvis along the right paracolic gutter 
to the posterior subhepatic space in the region of Morri- 
son's pouch. No mention is made of fluid collecting 
anterior to the urinary bladder. 

In several major anatomy textbooks [8-10], the perito- 
neal reflection over the dome of the bladder is seen to 
project superiorly onto the anterior abdominal wall with- 
out an inferior recess. The impression is created that 
there is no anatomic space for a fluid collection anterior 
to the urinary bladder except when the bladder is fully 
distended. One book on cross-sectional anatomy [11] 
does illustrate this potenital space, which is termed the 
cavum peritonei (fig. 3). 

While this is an uncommon site of fluid collection, it is 
an important one, since ascitic fluid collections in this 
space appear rounded or ovoid when viewed in trans- 
verse sections. The impression of a mass is further 
amplified by the anterior indentation of the urinary blad- 
der wall created by the fluid collection. When these 
anatomic features are correlated with the relatively high 
CT number that ascites may exhibit, the potential for 
misinterpretation on CT scans is further increased. How- 
ever, once this potential for error is recognized, the 





Fig. 1. — CT scan of lower pelvis demonstrating ascites (A) within anterior paravesical fossa which indents urinary bladder and appears to be mass. B. 
Scan at same level after intravenous injection of urographic contrast material showing distended bladder (B). "Mass'' is no longer visible within true 
pelvis. C, Scan at same level after partial voiding showing reaccumulation of ascitic fluid (A) in anterior paravesical fossa. 
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Rectus abdominis m. 
Ant. paravesical fossa 





Fig. 3. — Sagittal and transverse views demonstrating anterior paraves- 
ical fossa. (Modified from [11]) 


problem can readily be solved by longitudinal ultrasono- 
grams of the pelvis. 
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Pulmonary Arteriovenous Fistula as a Complication of Trauma 


DEBORAH EKSTROM,' MICHAEL WEINER, AND BERNARD BAIER 


Pulmonary arteriovenous fistula is a right-to-left shunt in 
which venous blood bypasses the pulmonary capillary 
bed and, via anomalous communicating channels, en- 
ters a pulmonary vein containing oxygenated blood. 
Numerous etiologies of acquired arteriovenous fistula 
have been cited; trauma is a rare cause, with only one 
previous instance reported in the English literature [1]. 
This case report serves as a reminder of the radiographic 
findings of pulmonary arteriovenous fistula as a compli- 
cation of penetrating chest trauma. 


Case Report 


A 29-year-old white man was brought to St. Paul-Ramsey 
Hospital after sustaining a self-inflicted gunshot wound to the 
right chest from a .22 caliber rifle. He was comatose, hypoten- 
sive, and in respiratory distress. The entrance wound was 2 cm 
lateral to the right sternal border and just medial to the nipple, 
with the exit wound located in the sixth interspace in the 
posterior axillary line. Admission chest radiography showed 
hemothorax and a round density in the area of the wound in the 
right lower lung consistent with a pulmonary hematoma (fig. 
1A). Thoracostomy was performed and blood loss was replaced. 
The patient stabilized rapidly and did well during his subsequent 
hospital course. The only complication was a local infection of 
the chest tube site, which was adequately treated with antibiot- 
ics. The patient was discharged 17 days after admission in good 
condition. 

The patient was readmitted 1 week later with chest pain on 
the right side and shortness of breath, and a recent history of 
increasing orthopnea with paroxysmal nocturnal dyspnea. 
Tachycardia, rales at both lung bases, and a murmur consistent 
with mitral insufficiency were noted. Chest radiography re- 
vealed cardiomegaly, diffuse alveolar infiltrates, and pleural 
effusion on the right; the density in the right lower lung 
previously presumed to be hematoma was still present and 
appeared to be resolving (fig. 1B). The patient was afebrile with 
a normal complete blood count. Arterial blood gases on room 
air showed pH, 7.52; PO», 56; PCO», 28; and CO, content, 23. 
Echocardiography revealed an enlarged left atrium without 
mitral valve vegetations, leading to the suspicion of mitral valve 
prolapse. The patient was given 100% oxygen, but the PO, did 
not increase to the expected level. On this basis, an arteriove- 
nous shunt was calculated at 20%. 

The patient was thought to be in high output failure at this 
time and was treated successfully with bed rest. A week later, 
cardiac catheterization and pulmonary angiography were per- 
formed. Cardiac catheterization showed left ventricular enlarge- 
ment and mitral insufficiency. At angiography, 45 ml of 76% 
Renografin was injected into the main pulmonary artery at 30 
ml/sec. At 2.66 sec early venous drainage from the opacified 
saccular area of the fistula was seen (fig. 2A). Persistent opaci- 
fication of the early draining vein comiinuag through the capil- 
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lary phase at 3.50 sec (fig. 2B). A right lower lobe pulmonary 
arteriovenous fistula was diagnosed. 

The patient subsequently underwent right lower lobectomy to 
resect the fistula. After surgery the blood gases on room air 
were pH, 7.45; PO,, 73; PCO,, 38; and CO, content, 27.3. On 
100% O, test the patient was able to raise the PO. to 500 mm 
Hg. indicating effects of the shunt had been eliminated. The 
patient recovered uneventfully and at present continues to do 
well. 

A silicone cast corrosion preparation of the resected lobe 
depicted the saccular fistulous area and the early draining vein 
(fig. 3A). Bronchi were injected with a light colored silicone 
material to contrast with the blood vessels, which were injected 
with a darker silicone material. Radiography of this model (fig. 
3B) compared closely with the in vitro films of the angiogram. 


Discussion 


The medical literature contains numerous accounts of 
pulmonary arteriovenous fistula; only a small percentage 
of these references deals with acquired pulmonary arte- 
riovenous fistulas. Etiologies of acquired fistulas include 
metastatic carcinoma of the thyroid, pulmonary schisto- 
somiasis, actinomycosis, and long-standing hepatic cir- 
rhosis [2-5]. Penetrating chest trauma is an unusual 
cause, with only one previous case reported in the 
English literature; the inciting injury in that case was a 
stab wound [1]. The rarity of arteriovenous fistula follow- 
ing trauma of the pulmonary vasculature is probably due 
to relatively small pressure differences between pulmo- 
nary arterial and venous circulations, in contrast to the 
high gradient between arteries and veins of the systemic 
circulation[6]. Thus canalization of a hematoma is less 
likely to occur in the pulmonary vasculature. 

This case of chest trauma resulting from a .22 caliber 
bullet is notable for the swiftness with which cardiac 
function became impaired. Underlying cardiac abnor- 
malities and mitral insufficiency of unknown etiology 
seem to have predisposed this patient to failure, since 
under usual circumstances cardiac output is normal with 
pulmonary arteriovenous fistula. The speed with which 
this patient became symptomatic also explains why signs 
commonly associated with pulmonary arteriovenous fis- 
tula, such as cyanosis, clubbing, and polycythemia, did 
not become apparent. Nonetheless, it is reasonable to 
assume that this situation could have become analogous 
to the only other reported case of traumatic pulmonary 
arteriovenous fistula, in which clinical and radiographic 
findings occurred 10 years after the initial trauma. 

Despite the infrequency of this type of lesion, the 
radiologist should remain alert to the possibility of pul- 
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Fig. 1.—A, Admission chest radi- 
ograph showing pulmonary hema- 
toma, contusion, and hemothorax. 
B, Readmission chest radiograph 
showing persistent pulmonary he- 
matoma and alveolar infiltrates with 
pleural effusion on right side. 


Fig. 2.—A, Pulmonary angio- 
gram, arterial phase, showing 
densely opacified right lower lobe 
nodule from which there is filling of 
enlarged inferior pulmonary vein (ar- 
rows). B, Pulmonary angiogram, 
capillary phase, showing persistent 
opacification of early draining vein. 


Fig. 3.—A, Silicone cast corro- 
sion preparation of right resected 
segment of lung showing nodular 
fistulous area (F) with surrounding 
vessels including early draining vein 
(V). B, Radiograph of silicone model. 
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monary arteriovenous fistula following penetrating chest 
trauma. 
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Subclavian Artery Aneurysm: Unique Late Complication of 
Blalock-Taussig Anastomosis 


JOHN P. MCGAHAN,' HUGO G. BOGREN,' JAMES M. FOERSTER ? AND DEAN T. MASON? 


Since introduction of the subclavian artery-pulmonary 
artery anastomosis in 1945 by Blalock and Taussig for 
tetralogy of Fallot [1]. several thousands of these proce- 
dures have been performed to improve inadequate blood 
flow to the lungs. While early [2, 3] and longterm follow- 
up studies [4, 5] have revealed certain complications in 
some patients receiving this palliative operation, in gen- 
eral the systemic-pulmonary shunt has been well toler- 
ated and lifesaving. This paper delineates a unique late 
complication of the Blalock-Taussig anastomosis: a 
large subclavian artery aneurysm. 


Case Report 


A 35-year-old Caucasian female was referred to the UCD Sac- 
ramento Medical Center for evaluation of a right mediastinal 
mass observed on routine preemployment chest radiograph. At 
age 5 years (1947) she had undergone a Blalock-Taussig an- 
astomosis for tetralogy of Fallot. Postoperatively the patient was 
nearly relieved of symptoms and cyanosis and attended school 
without difficulty. As a young adult, she successfully completed 
two pregnancies without cardiac complications. Presently she 
continues to do well, carrying out a full schedule of moderate 
physical activity including clerical work, caring for her children, 
and college courses during evenings. 

Physical examination revealed blood pressure of 116/68 mm 
Hg in the left arm and 104/80 mm Hg in the right arm. On 
cardiac examination, there was a suprasternal pulsating mass, 
grade IV/VI systolic ejection murmur along the left sternal 
border, widely split second heart sound with the pulmonic 
component equal to the aortic sound at the base, and a grade 
II/VI continuous murmur over the right subclavian area in the 
region of the old thoracotomy scar. The peripheral pulses were 
all present; the right brachial and radial pulses were diminished 
compared to those of the left arm. The nail beds of the fingers 
and toes were minimally cyanotic at rest. 

Standard 12-lead electrocardiography showed sinus rhythm 
with right axis deviation and right ventricular hypertrophy. 
Frontal chest radiography demonstrated the prominent right 
upper paramediastinal mass (fig. 1A) with peripheral calcifica- 
tion (fig. 1C). This mass, impinging on both the trachea and 
esophagus, had not increased in size since its initial observation 
6 months earlier. No earlier films could be located. The pulmo- 
nary vascularity was increased centrally, more so on the left 
(fig. 1A). The lateral view barium swallow showed cardiac 
enlargement in the retrosternal space and displacement of the 
esophagus posteriorly (fig. 1B). 

Cardiac catheterization documented hemodynamic and an- 
giographic findings of tetralogy of Fallot with both right infun- 
dibular and valvular pulmonic stenoses, membranous ventricu- 
lar septal defect, ascending aorta overriding the right ventricu- 
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lar outflow tract, and right ventricular hypertrophy. The main 
right and left pulmonary arteries were dilated. The anastomotic 
communication between the right subclavian artery and right 
main pulmonary artery was demonstrated. On retrograde as- 
cending aortic angiography (fig. 2A) and on selective angiogra- 
phy (figs. 2B and 2C), a large adjacent aneurysm involving the 
proximal right subclavian artery was visualized immediately 
upstream to the surgical connection of its end-to-right main 
pulmonary artery side anastomosis. It appeared to contain no 
thrombus. This surgically created systemic-pulmonary commu- 
nication was fully patent, as demonstrated by rapid left-to-right 
flow of considerable amounts of contrast material (figs. 2B and 
2C). The main pulmonary artery pressure was 40/30 mm Hg. 
and the pulmonary capillary wedge pressure was 12 mm Hg. 
Surgical correction was not recommended (see below). 


Discussion 


Various complications of patients undergoing the Bla- 
lock-Taussig operation have been encountered. Consid- 
ering the entire spectrum of patients with markedly 
reduced pulmonary blood flow undergoing palliative 
surgery, recent results suggest hospital demise for sub- 
clavian artery-pulmonary artery anastomosis may be as 
high as 6% [2]. However, other reports have shown 
considerably better outcome, with essentially no surgical 
mortality in individuals needing this palliative procedure 
[3]. More germane to the principal subject of our com- 
munication is the 20 year follow-up evaluation by Wood 
et al. [4] of the 779 tetralogy of Fallot patients who 
received subclavian artery-pulmonary artery anastomo- 
sis between 1945 and 1951 by Blalock. Late complica- 
tions occurred in only 1896 of these patients and included 
infectious endocarditis in 71 cases, brain abscess in 37 
and pulmonary hypertension in 29 [4]. While not neces- 
sarily a complication of the procedure, acquired pulmo- 
nary atresia has occurred rarely several years after sys- 
temic artery-pulmonary artery anastomosis [6]. 

Thorough literature review substantiates that the com- 
plication reported here, subclavian artery aneurysm, has 
not been encountered previously following Blalock- 
Taussig anastomosis. Furthermore, the prevalence of 
subclavian artery aneurysms is low in any circumstances. 
They are usually the result of severe atherosclerotic 
disease and less frequently occur in thoracic outlet 
syndrome [7], vasculitis, or trauma [8]. In view of these 
observations, it is presumed that the subclavian aneu- 
rysm in our patient may have been related to surgical 
injury. 
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Fig. 1. —A, Posteroanterior chest film showing large right mediastinal mass impinging on esophagus and trachea (arrow 1). Pulmonary vascularity is 


markedly increased centrally (arrow 2). B, Lateral view of barium swallow showing right ventricular enlargement and posterior displacement (arrow) of 
esophagus by subclavian artery aneurysm. C, Magnified view of aneurysm demonstrating peripheral calcification (arrow). 








Fig. 2.—A, Frontal cineangiogram performed with contrast material injected into ascending aorta (black arrow) demonstrating filling of right 
subclavian artery aneurysm via innominate artery (white arrow). B, Catheter passed into aneurysm (small arrow) showing patent anastomosis with right 
pulmonary artery and dilatation of right and left main pulmonary arteries (open arrows). C, Magnified lateral cineangiogram showing catheter in 


aneurysm. 


Concerning management of our patient, the un- 
changed size of the aneurysm for at least the previous 6 
months and calcification within its wall were judged 
indications of chronicity and stable state. Because no 
earlier films were available, the duration of this aneurysm 
is unknown. Although rupture of aortic aneurysms is 
common [9], such an untoward event has not been 
reported to occur spontaneously in subclavian artery 
aneurysms. In contrast, serious consequences of aneu- 
rysms located in peripheral arteries are infrequent and 
usually consist of thrombosis and distal emboli. 

Additional considerations in our patient included es- 
sentially longterm absence of symptoms, nonprogres- 
sion of slight cyanosis, and a functioning left-to-right 
shunt adequately providing pulmonary blood flow in the 
anastomosis without severe pulmonary hypertension. 


Thus the favorable cardiocirculatory status in this young 
adult, coupled with the anticipated difficulty of surgical 
removal of the complicated anastomosis and risk of 
corrective surgery in tetralogy of Fallot, dictated conser- 
vative management. Careful serial assessment of subcla- 
vian artery size without surgical intervention is recom- 
mended at present. 
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Congenital Retrosternal Subluxation of the Clavicle Simulating an Intrathoracic Mass 


NANCY S. NEWLIN' 


A rare case of bilateral congenital retrosternal subluxa- 
tions of the medial ends of the clavicles was discovered, 
and is being reported, because of its disturbing appear- 
ance on a routine frontal chest x-ray. To my knowledge, 
no similar case has been documented. 


Case Report 


This 25-year-old white male of Arabian extraction appeared at 
our clinic for a routine posteroanterior chest x-ray required 
because of his foreign student status. The film showed a well 
defined smoothly outlined “mass” in the left superior medias- 
tinum adjacent to and overlying the sternoclavicular joint (fig. 
1A). Its appearance suggested a pleural-based nodule. On the 
opposite side a similar density was seen which was not as 
striking. Additional oblique and apical lordotic views showed no 
pleural or parenchymal nodule. On the lateral film, a soft tissue 
“bulge” was noted behind the sternoclavicular joint (fig. 1B). 
With coned views (fig 2A) and tomography (fig. 2B), it became 
obvious that the medial end of the clavicle was displaced behind 
the manubrium, bringing with it normal soft tissues which were 
responsible for the masslike effect on the original chest x-ray. 

No abnormality of the sternoclavicular joints was discernible 
on physical examination by a staff physician with knowledge of 
the x-ray findings. No history of trauma or undue stress to the 
area could be elicited. The patient was not aware that any 
abnormality existed in the region and was understandably 


apprehensive when “something” was found on the chest x-ray 
requiring additional examinations. 


Discussion 


Sternoclavicular subluxation is an uncommon lesion. 
Through 1968, only 14 articles had appeared in the 
English literature and only 60 cases reported [1]. All were 
traumatic in origin. Nettles and Linscheid [2] reviewed 
another 60 cases at the Mayo Clinic that had occurred in 
the previous 50 years. Eleven of these were spontaneous, 
occurring during sleep or during hair combing. Three 
bilateral subluxations occurred spontaneously in teen- 
agers or after trivial trauma, but all of these were ante- 
rior. Of three retrosternal dislocations, all were traumatic 
in origin. 

Congenital subluxations of the sternoclavicular joints 
were first reported by Guérin [3] in 1841. In 1903, Katz- 
enstein [4] reported a slow spontaneous retrosternal 
subluxation from repetitive manipulation of heavy lever. 
In 1911, Preiser [5] found a young girl who could dislo- 
cate the sternoclavicular joint spontaneously by manip- 
ulating her shoulder. She was asymptomatic. 

In summary, bilateral congenital retrosternal subluxa- 
tion of the medial end of the clavicles is a rare lesion 
which may simulate symmetrical pleural-based masses 
Superimposed on the sternoclavicular joints. 





Fig. 1.—A, Posteroanterior chest film showing smooth convex shadows suggestive of pleural based masses adjacent to sternoclavicular joints. Left 
shadow (arrow) is especially prominent. B, Lateyal chest film showing mass projected posterior to manubrium (arrows). 
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Fig. 2.— Lateral plain film (A) and 
lateral tomogram (B) confirming re- 
trosternal location of left clavicle. 
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Angioimmunoblastic Lymphadenopathy: A Cause for Mediastinal Nodal Enlargement 


NAGI F. KHOURI,' JOSEPH D. EGGLESTON,? AND STANLEY S. SIEGELMAN' 


Physicians must be careful to avoid an erroneous diag- 
nosis of disseminated malignancy in patients with disor- 
ders of undetermined etiology. While widespread malig- 
nancy calls forth aggressive chemotherapy with an ap- 
preciable risk of bone marrow suppression and oppor- 
tunistic infection, overtreatment of a patient with a po- 
tentially self-limited disease must be avoided. Angioim- 
munoblastic lymphadenopathy seems to be a peculiar 
immunoproliferative disorder of unknown type that may 
be self limited or susceptible to effective control. Many 
patients with this disease were presumed to have a 
disseminated malignant lymphoproliferative disorder 
and died from infection following vigorous chemother- 
apy [1]. The radiologist should be familiar with angioim- 
munoblastic lymphadenopathy since chest films fre- 
quently demonstrate mediastinal adenopathy. This re- 
port describes a patient with proven angioimmunoblastic 
lymphadenopathy, alive and well 6 years after treatment. 


Case Report 


A 48-year-old white female office worker was admitted to 
Johns Hopkins Hospital in June 1971 with a 3 month history of 
multiple complaints. In February 1971 the patient developed a 
sore throat; she was treated with penicillin tablets. Six weeks 
later (March) she noted arthralgias of hands, feet, and knees 
associated with generalized joint stiffness, night sweats, and 
slight temperature elevation. Later in March, the patient also 
noted dyspnea on exertion and lower extremity edema. Aspirin 
and diuretics were administered without success. In April a 
generalized pruritic skin eruption appeared. In early May, mul- 
tiple enlarged tender nodes were discovered in the cervical and 
epitrochlear areas. When fever, night sweats, arthralgias, and 
edema had persisted, the patient was hospitalized. Laboratory 
studies prior to hospitalization showed a falling hematocrit 
(from 40 to 31) and an increased reticulocyte count suggesting 
hemolytic anemia. The family history was significant in that one 
sister died of lymphoma at age 45. The patient's medical history 
included intermittent hypertension for 10 years and mumps at 
age 40. 

Physical examination on admission showed a middle-aged 
white female who appeared chronically ill. Blood pressure was 
139/74, pulse 110 and regular; nightly temperature spikes to 
40°C were recorded. There was a generalized discrete and 
confluent erythematous papular eruption with multiple excora- 
tions. Large, rubbery, nontender lymph nodes were present in 
the cervical, axillary, and inguinal areas bilaterally. At chest 
examination there were fine end-inspiratory rales in the left 
axillary area and dullness with decreased breath sounds at both 
lung bases. The liver and spleen were palpable. Moderate 
bilateral lower extremity edema was noted. The examination 
was otherwise unremarkable. 
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Laboratory data included the following: hematocrit, 32; white 
blood cell count, 8,000; platelets, 250,000; reticulocytes, 3-796. 
An initial direct Coomb's test was positive. Subsequently, the 
Coomb's test was negative and the original positive result was 
attributed to rouleaux formation. Urinalysis showed a trace of 
protein and no red or white blood cells. Protein electrophoresis 
was abnormal with a wide gamma globulin complex and a total 
protein of 6.5 g/100 ml with 45% albumin and 39% gamma 
globulin. Immunoelectrophoresis showed a polyclonal increase 
in IgG and IgM with a normal IgA. Lupus erythematosus prepa- 
rations, latex titer, C-reactive protein, and rheumatoid arthritis 
factor tests were negative. 

Chest radiography showed bilateral hilar adenopathy, right 
paratracheal adenopathy, and a left pleural effusion (fig. 1A). 
The pleural effusion was aspirated. The fluid contained no 
organisms; protein was 2.6 g/100 ml and glucose 110 mg/ 
100 ml. 

Cervical and axillary lymph node biopsies were performed. 
Histologically, each lymph node showed an intense cellular 
proliferation which had effaced the internal architecture of the 
node, preserving only a portion of the peripheral sinuses (fig. 
2A). The proliferation consisted of lymphocytes, plasma cells, 
eosinophils, histiocytes, and large mononuclear cells associ- 
ated with numerous prominent small blood vessels with en- 
larged endothelial cells (figure 2B). 

An infiltrated erythematous lesion on the right arm was also 
biopsied. Histologic examination revealed a dense infiltration of 
histocytes, lymphocytes, and plasma cells which seemed to be 
concentrated about the hair follicles. There were also small 
dilated blood vessels throughout the specimen. Examination 
from bone marrow showed hyperplasia of both the myeloid and 
erythroid series and foci of large mononuclear cells interpreted 
as histiocytes. The skin and the marrow were thought to be 
involved by the same process which involved the lymph nodes: 
a probable malignant lymphoma or malignant histiocytosis. 

Prednisone was given orally at a dose of 80 mg/day with 
tapering after 1 week to 60 mg/day. The patient responded 
dramatically with marked and rapid regression of lymphadenop- 
athy, fever, and arthralgias but with persistence of the pruritic 
cutaneous eruption. Eight days after beginning prednisone 
therapy, the patient was also given Cytoxan intravenously in 
three weekly doses; 500 mg, 750 mg, then 1,000 mg. After 
several weeks of combined drug therapy, the skin rash gradually 
began to resolve. The patient made an apparently complete 
recovery and was discharged 2 months after admission. Chest 
radiography at that time showed no abnormality. Therapy with 
decreasing doses of prednisone and Cytoxan was continued for 
2 years. In May 1974, 3 years after the onset of illness, hemato- 
crit was 40, protein electrophoresis was entirely normal, and 
chest radiography showed no adenopathy and no abnormality 
except for a 1 cm nodule in the left upper lobe (fig. 1B). In June 
1977 the patient was entirely well with no evidence of lymph 
node enlargement or skin rash. The nodule in the chest film was 
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Fig. 1.—A, Chest film on admission showing left pleural effusion and bilateral hilar and right paratracheal adenopathy. B, Film 3 years later showing 
no adenopathy. A 1 cm nodule in left upper lobe is presumed to represent granuloma. 
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Fig. 2.—A, Follicles and other cortical architectural features of cervical lymph node have been obliterated by proliferative process. In this area, 
peripheral sinus containing small amount of eosinophilic material remains patent. x63. B, Node contains variety of cell types, including large 
mononuclear cells with clumped nuclear chromatin (‘‘immunoblasts'’). Note small blood vessel with endothelial cell enlargement in lower portion of 


field. x490. 


unchanged in appearance and is presumed to represent a 


granuloma. 
Discussion 


The nature of our patient's lymphoproliferative disor- 
der became the key question in 1971 during discussion 
of appropriate therapy. The lymph node morphology 
seemed to indicate an aggressive process beyond the 
bounds of an allergic or reactive disorder. The initial 
impression was of a peculiar malignant disorder, per- 


haps representing malignant histiocytosis, and one con- 
sultant regarded the disease as lymphocyte-depleted 
Hodgkin's disease. The nature of her disease was rec- 
ognized only in retrospect after the description of an- 
gioimmunoblastic lymphadenopathy in 1974 [2]. 

The clinical features exhibited by our patient are typi- 
cal of the recorded cases of angioimmunoblastic lymph- 
adenopathy. The disease is most common in older 
adults. The age range in the 14 patients studied in the 
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Mayo Clinic series [3] was 45-88 years; the age range of 
the 24 patients of Frizzera et al. [4] was 44-80 years. 
Acute onset with fever, chills, and malaise is also char- 
acteristic. Hepatosplenomegaly, lymphadenopathy, and 
polyclonal gammopathy are typical features. Nine of the 
24 patients reported by Frizzera et al. [4] had a pruritic 
skin eruption. Lukes and Tindle [5] recorded an apparent 
drug sensitivity reaction at the onset of illness in six of 
their 22 patients with immunoblastic lymphadenopathy. 
Our patient's illness may have been related to the admin- 
istration of penicillin. 

In the process of reaction to antigenic stimuli, the 
architecture of a lymph node may be altered by a diffuse 
proliferation of cells and by a proliferation of an arboriz- 
ing network of fine blood vessels. Lymph nodes may 
exhibit these alterations after viral infections, vaccina- 
tions, or drug reactions [6]. The predominant reactive 
cell in angioimmunoblastic lymphadenopathy is the im- 
munoblast, a large lymphoid cell with an irregular nu- 
cleolus within its nucleus. Lukes and Tindle [5] reported 
a series of cases of 'immunoblastic lymphadenopathy,’ 
a similar and probably related lymphoproliferative disor- 
der [1]. 

Angioimmunoblastic lymphadenopathy is a lympho- 
proliferative disorder with many undetermined features. 
Some patients with the disease remain relatively asymp- 
tomatic without therapy for long periods of time [6]. In 
other patients the disease may subside spontaneously 
without treatment [1]. In many instances the disorder 
seems to represent an atypical reactive process consist- 
ent with an autoimmune disorder. In a small number of 
patients the disease has eyolved into a fatal malignant 
process, termed immunoblastic sarcoma [5]. With our 
current state of knowledge, however, it would appear 
that many patients with angioimmunoblastic lymphade- 
nopathy have suffered from a tendency to aggressive 
overtreatment. Frizzera et al. [4] advocated conservative 
therapy including small doses of steroids. The postmor- 
tem examination in fatal cases often shows that death is 
attributable to severe infection frequently aggravated by 
leukopenia following treatment with cyclophosphamide, 
azathioprine, and other cytotoxic agents. 

The most common radiographic abnormality in the 
disorder is hilar and mediastinal adenopathy. Frizzera et 
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al. [4] noted moderate thoracic adenopathy in nine of 12 
patients, and also noted bilateral pleural effusions in 
three patients and several instances of parenchymal 
infiltrates. Zylak et al. [7] reported two patients with the 
disease who exhibited a combination of hilar adenopathy 
and pulmonary infiltrates. In nine cases of immunoblas- 
tic lymphadenopathy, Libshitz et al. [8] recorded five 
with hilar and paratracheal adenopathy, three of whom 
also had mixed parenchymal infiltrates. 

When rapidly developing hilar adenopathy is detected 
in a chest radiograph in an adult with constitutional 
symptoms, the differential diagnosis usually includes 
sarcoidosis, erythema nodosum, malignant lymphoma, 
and metastatic disease. Bilateral hilar adenopathy may 
occasionally be related to a specific infectious disease, 
such as infectious mononucleosis, coccidiomycosis, or 
tuberculosis. The diagnosis of angioimmunoblastic 
lymphadenopathy should receive serious consideration 
in the older patient with hilar adenopathy combined with 
skin rash, generalized adenopathy, hepatosplenomeg- 
aly, and polyclonal gammopathy. 
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Xeromammographic and Ultrasonic Diagnosis of a Traumatic Oil Cyst 


CARLISLE L. MORGAN,' WILLIAM S. TROUGHT,' AND WILLIAM PEETE? 


The combined use of xeromammography and ultrason- 
ography in the diagnosis of an oil cyst of the breast is 
described. The etiology was posttraumatic necrosis. The 
combination of mammographic and ultrasonic findings 
is felt to be pathognomonic. 


Case Report 


A 57-year-old female had fallen striking her right breast. After 
initial pain, swelling and an area of firmness developed. The 
lump decreased in size, but because of its persistence she 
sought medical attention. Physical examination revealed a firm 
nontender mass just above the right nipple, mobile over the 
chest wall but attached to the skin. No discharge could be 
elicited from the nipple. 

Xeromammography demonstrated a fatty right breast with 
skin retraction toward a mass of a density identical with the 
remainder of the breast. This mass was well marginated by a 
dense rim consistent with fibrotic tissue. The mass in the upper 
outer quadrant was 4.8 cm wide, x 2.8 cm deep, and 2.6 cm 
long (fig. 1). 

B-scan ultrasonography was performed with a 5 MHz trans- 
ducer and a Picker Echoview unit utilizing contact and water 
bath techniques. The mass satisfied the criteria for a cyst with 
absence of internal echoes at all gain settings, smooth and well 
defined borders, and good transmission of sound through the 


mass (fig. 2). The combination of a cystic mass by ultrasonog- 
raphy and a mass of fatty density by xeromammography led to 
the diagnosis of an oil cyst resulting from posttraumatic fat 
necrosis with liquefaction. 

At surgery liquefied oil and fat were aspirated from the mass. 
Microscopic examination of the remaining mass wall showed 
fibroadipose tissue. 


Discussion 


Mammographic findings associated with fat necrosis 
have been previously described [1-3], and the develop- 
ment of an oil cyst following fat necrosis has been 
described with mammography [3] and at surgery [4, 5]. 
To our knowledge, the combined use of mammography 
and ultrasonography in the preoperative diagnosis of 
this lesion has not been described. 

A mass of fat density by mammography would usually 
be either a lipoma or a galactocele. Neither of these 
lesions, however, appears cystic by ultrasound [6, 7]. A 
galactocele could also be excluded in this patient on the 
basis of age and postmenopausal state. Ultrasonography 
would be required to exclude a lipoma. 

We feel that the findings of a mass of fat density by 
mammography and a cyst by ultrasonography are pa- 





Fig. 1.—Lateral (A) and cephalocaudal (B) xeromammograms showing fatty 


~~ right breast containing mass of fat density. Mass is well circumscribed from 
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Fig. 2. — Contact B-scan demonstrating echo-free mass with smooth, 
well defined borders and good through-tramsmission. Note reverberation 
artefact beneath front border. Findings indicate cyst. 


thognomonic of an oil cyst or liquefied fat. The clinical 
history of trauma with subsequent development of a mass 
with skin retraction are consistent with posttraumatic fat 
necrosis as the etiology. 
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Internal Carotid Artery Origins of the Inferior Cerebellar Arteries 


VICTOR M. HAUGHTON,’ ARTHUR E. ROSENBAUM ? AND JAN PEARCE' 3 


Only rarely have anatomic or angiographic examples of 
cerebellar arteries arising from the cavernous internal 
carotid been described [1-5]. Three were classified as an 
anomalous posterior inferior cerebellar artery [1, 2, 5], 
another as an anomalous anterior inferior cerebellar 
artery [4], and one was not classified as to anterior or 
posterior [2, 3]. This report describes four additional 
cases of anomalous inferior cerebellar vessels and com- 
pares the morphologic characteristics with previously 
reported cases. The rarer anomalous origin of an inferior 
cerebellar artery from the cervical internal carotid [6] is 
not discussed. 
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Case Material 


In each of four cases, the anomalous inferior cerebel- 
lar vessel was considered an incidental finding. In one 
case (fig. 1A), angiography was performed to exclude a 
posterior fossa mass. In another case (fig. 1B), angiog- 
raphy was performed because of fasciculations on the 
left side of the tongue and symptoms of dysphasia 
suggesting a pontine mass. Both vertebral arteries in 
case 2 were small and, therefore, were not selectively 
injected. The remaining two cases (figs. 1C and 1D) were 
studied angiographically for a suspected subdural he- 
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Fig. 1. — Selective internal carotid angiograms of four patients. Vessel originates anomalously from internal carotid and supplies inferior cerebellum 
each case. Ascending hemispheric branches (single arrow), biventral lobule segment (double arrow), and loop in region of supraolivary fossette 


(arrowhead) are demonstrated. Tortuous segment of anomalous vessel probably represents persistent trigeminal artery (double arrowhead). 
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Fig. 2.—Normal and anomalous basilar artery development. A, Primi- 
tive trigeminal and longitudinal neural arteries in 4 mm human embryo. 
B, Normal development. Longitudinal neural arteries fuse and primitive 
trigeminal artery atrophies. C, If primitive trigeminal artery persists, 
carotid-basilar anastomosis results. If primitive trigeminal artery persists 
and longitudinal neural arteries fail to fuse, anomalous superior (D) and 
inferior (E) cerebellar arteries originate from carotid. PCA = posterior 
cerebral artery, PCOA = posterior communicating artery, SCA = superior 
cerebellar artery, PLNA = posterior longitudinal neural arteries, BA = 
basilar artery, PTA = primitive trigeminal artery, ICA = internal carotid 
artery, AICA = anterior inferior cerebellar artery, PICA = posterior 
inferior cerebellar artery, VA = vertebral artery. 


matoma; vertebral angiography was not indicated clini- 
Cally. 


Discussion 


Neither the primitive trigeminal artery nor the paired 
longitudinal neural arteries normally persist in adults 
(figs. 2A and 2B). Persistence of the primitive trigeminal 
artery with normal fusion of the longitudinal neural 
arteries into the basilar artery results in a carotid-basilar 
artery anastomosis (fig. 2C). Persistence of the primitive 
trigeminal artery with incomplete fusion of the longitu- 
dinal neural arteries may result in either a superior [6] or 
inferior cerebellar vessel arising anomalously from the 
cavernous internal carotid artery [1-5] (figs. 2D and 2E). 
The primitive trigeminal artery is closer to the origin of 
the anterior than of the posterior inferior cerebellar 
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artery. Therefore, these anterior vessels are more likely 
to originate anomalously from the carotid artery than are 
the posterior ones. 

Each of our cases and the four previously reported 
cases [1-4] of anomalous inferior cerebellar artery had 
either a branch to the biventral lobule with ascending 
hemispheric branches or an ascending branch to the 
great horizontal fissure. These branches normally arise 
from the anterior inferior cerebellar artery [7]. In addi- 
tion, the course of the anomalous inferior cerebellar 
artery in the region of the flocculus and supraolivary 
fossette is characteristic of the normal anterior inferior 
cerebellar artery [7]. The course and branches of the 
anomalous inferior cerebellar artery are more character- 
istic of the anterior inferior cerebellar artery than of the 
posterior. Therefore, the vessel under discussion is more 
appropriately designated anomalous anterior (not pos- 
terior) inferior cerebellar artery. 
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Polyvinyl Alcohol Foam: Prepackaged Emboli for Therapeutic Embolization 


C. W. KERBER,' W. O. BANK, AND J. A. HORTON 


Formalin-fixed polyvinyl alcohol foam, formerly called 
Ivalon (Unipoint Labs., Hipoint, N.C.), has many charac- 
teristics which make it suitable for particulate emboliza- 
tion [1-3]. Most notably it can be rendered radiopaque 
by the addition of barium sulfate during its manufacture, 
and it causes enough inflammation to make it a perma- 
nent vessel occluder. The disadvantages of polyvinyl 
alcohol foam include a high coefficient of friction which 
makes it difficult to introduce through polyethylene cath- 
eters, and its form— it is sold in large sheets rather than 
small spheres. 

An analysis of our therapeutic embolization proce- 
dures showed that an excessive and discouraging 
amount of time was spent just making the particles. This 
paper describes an easy method for preprocedural prep- 
aration which provides large numbers of emboli of uni- 
form size immediately available when needed, dramati- 
cally reducing the time of the procedure. 


Technique 


Polyvinyl alcohol foam sponges are washed in water 
according to the manufacturer's instructions to remove 
the formalin, and cut into 2 x 2 x 2 cm cubes while wet. 
About six of these cubes are then placed in a high shear 
Waring blender with 200-300 ml of water and blended 
for 2 min. The resultant slurry is then passed through a 
series of graded sieves (Fisher Scientific Co., Pittsburgh, 
Pa.) so that the particles are separated into batches 
varying in size from 0.5 to 2.0 mm. Aliquots of 100-500 
emboli (depending upon size) are placed into 50 ml 
bottles with 30 ml of normal saline solution; the bottles 
are capped, labeled, and steamed sterilized (fig. 1). 
When removed from the steam sterilizer, the bottles are 
inverted into water colored with food dye. When cool, 
one from the lot is sent for bacteriologic analysis. 

Frequently the heat of sterilization causes the particles 
to aggregate. This aggregation may be broken up by 
passage back and forth between two syringes through a 
partially closed stopcock. Two disposable syringes are 
connected by 51 cm of intravenous tubing. A female- 
female stopcock placed in the system provides a variable 
constriction. After 10-15 ml of isotonic saline and an 
aliquot of emboli are placed into one syringe, the air is 
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expressed, connections are tightened, and syringe 
plungers are alternately pushed until emboli are sus- 
pended (fig. 2). When the particles are uniformly sus- 
pended, they are drawn into a syringe containing con- 
trast material [4] and injected into the patient via the 
angiographic catheter. 


Discussion 


Silicone spheres and gelatin foam have been used 
extensively for therapeutic embolization and remain of 
great value [5-11]. However, spheres are time-consum- 
ing to introduce, and silicone is inert, causing almost no 
intravascular inflammatory reaction. Thus silicone does 
not enhance clotting within the lesion. Silicone spheres 
are also expensive, costing at present about $18.00 for 
40 particles. If 200-400 spheres are used per case, the 
cost is considerable. Gelfoam is easy to use and easy to 
prepare, and remains our choice for presurgical blood 
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Fig. 1.— Polyvinyl alcohol foam (formerly known as Ivalon). Batch of 
1.0 mm emboli on left. Particles have irregular outline but are generally 
spheroid or ovoid. Aliquots are placed into bottles, capped and sealed 
with a hand capper, labgled, and steam sterilized. 
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Fig. 2. —Unit used to break up aggregation of particles, consisting of 
two disposable plastic syringes connected by 51 cm of intravenous 
tubing, with female-female stopcock placed to provide variable constric- 
tion. Several hundred 0.5 mm emboli are visible in connector tubing. 


supply control. However, a recent report has questioned 
its permanence [12], and our own experience supports 
this observation. 

Polyvinyl alcohol foam seems to fill a need since it is 
permanent, excites a modest tissue reaction and vessel 
fibrosis, may be purchased radiopaque, and costs $7.00 
for about 250 ml. However, the foam is not easy to use. It 
has a high coefficient of friction making it difficult to 
introduce through the catheter. Some authors have sug- 
gested compressing the dry foam, cutting a cylinder, 
then pushing that cylinder through the catheter. The 
embolus expands when wet by blood [3]. We prefer to 
use more and smaller emboli, occluding the abnormality 
nearer the capillary bed, but cutting small emboli by 
hand is imprecise and tedious. 

The prior preparation of these emboli solves many 
problems. The particles can be made a uniform size and 
can also be made quite small. They are almost instantly 
ready for use; the catheter therapist thus has more time 
during the treatment session to concentrate on the 
patient's clinical condition and the progression of the 
occlusion. 

Considerable care must be taken not to introduce 
pyrogenic material into the bottles during the production 
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of the emboli, and each lot is tested for sterility. Inverting 
the bottles into colored water as they cool insures a 
good seal: a visual inspection later shows color inside 
any bottle with a defective stopper. 

The emboli are injected after being suspended in a 
contrast agent. We emphasize the need to monitor care- 
fully the ever-decreasing vessel runoff to minimize the 
chance of inadvertent embolization to normal tissues [4]. 
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Reduction in Radiation Exposure: The Rare Earth Screen 


NANCY NEWLIN' 


At the University of Michigan Student Health Service 
10,000-12,000 x-ray examinations are performed an- 
nually. Of these, approximately 7596 involve college age 
students. Since installation of our single phase 300 mA 
equipment in 1965, the overall size and weight of stu- 
dents has gradually increased, particularly in football 
players and other athletes. 

There was concern over the long or double exposures 
needed to obtain acceptable lateral lumbar spine films of 
large athletes. In addition, damage to the x-ray tube was 
feared. In an effort to reduce radiation exposure, other 
x-ray techniques were investigated. Particular attention 
was given to rare earth screens since they have been 
shown by others to reduce radiation exposure signifi- 
cantly under controlled experimental conditions. The 
present study in a typical clinical setting reenforces 
these findings. The rare earth screen is now used exclu- 
sively in this department with a few exceptions, resulting 
in a 5096-8696 reduction in mAs while maintaining rela- 
tively constant kilovoltage. 


Materials and Methods 


Two screen/film combinations were compared: (1) Kodak 
Lanex rare earth screen with Ortho G green-sensitive film; and 
(2) DuPont Hi Plus calcium tungstate screen with Cronex Il blue- 
sensitive film. The cassettes for the two systems were Kodak X- 
OMatic and Wolfe, respectively. Both were processed at 36.6°C 
for 90 sec in a Kodak M6A processor. Exposure factors were 
100-125 kV, 200 mA, with a single-phase 300 mA General 
Electric generator through a 12:1 grid. 

Because this study was performed in a clinical situation, the 
radiographers had to develop an x-ray technique with rare 
earth screens that closely resembled the quality and character 
of films produced with calcium tungstate screens. | analyzed 
final results. Initially, a skull phantom was used to gauge a gen- 


eral range of kilovoltage and milliampere seconds. Kilovoltage, 
milliampere output, and exposure time were checked and certi- 
fied by a physicist. 


Results 


In the technique adopted for rare earth screens, kilo- 
voltage and milliamperes remained relatively unchanged 
from the previous calcium tungstate techniques, but 
exposure time was significantly reduced. Table 1 com- 
pares exposure factors using rare earth and calcium 
tungstate screens for one of the most difficult exposures 
in large patients, the lateral lumbosacral spot film. The 
percentage decrease in radiation exposure is significant 
using the rare earth screen/film combination. 


Discussion 


Others have reported no noticeable difference in qual- 
ity of radiographs produced with either rare earth or 
calcium tungstate screens [1, 2], and a significant reduc- 
tion in patient radiation exposure has been noted [2, 3]. 
While the cost of rare earth screens is about double that 
of calcium tungstate screens, the cost may be offset by 
increased tube life. In addition, significant reduction in 
radiation exposure can be obtained even with a 300 mA 
generator. Thus, the rare earth screen is an inexpensive 
way to upgrade older equipment. In developing a new x- 
ray department, rare earth screens may prove less costly 
because a smaller generator can be purchased. 

Only two problems have arisen in daily use of rare 
earth screens. Because of the increased light sensitivity 
of green-sensitive Ortho G film, another safelight filter 
had to be installed. This so decreased the light level that 
it became necessary to replace darkroom lights with a 





TABLE 1 
Exposure Factors for Lateral LumboSacral Spot Film 


MM oe 





Hi Plus/Cronex II Lanex/Ortho-G Corrected a: 
kV mA Time (sec) mAs kV mA Time (sec) mAs "E in mAs 
Small man or average 
WOIRBD. iiec 100 200  1'A 250 110 200 1/10 20 175 89 

200 pound patient ..... 100 200 3 600 110 200 3/20-'/s 30-40 440 92 
240 pound patient ..... 100 200 4-5 (or 2 sec 800-1,000 110 200 1.9 60-75 600-750 90 

double expo- 

sure) 1,200 125 200 3/4-1 150-200 Ed 83 
300 pound patient ..... 125 200 6 (two 3 sec ex- 

posures) 


* Adjusts for difference in kilovoltage between original and currently used technique. 
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CP-4-fluoroscent tube (Chemical Products Co., East 
Providence, R. |.) which filters out both green and blue 
light. The expense was not significant. 

Second, the rare earth screens first marketed did not 
give satisfactory detail for radiography of small body 
parts (e.g., forearm, wrists, leg). Therefore, we continue 
to use detail screens and medium fast blue-sensitive film 
for these examinations, requiring darkroom stocking of 
both green-sensitive and blue-sensitive film. In our small 
department (two radiographic rooms, three technicians), 
film mix-ups have never been a problem. Recently, we 
acquired a fine rare-earth screen for trial with the green- 
sensitive film. This has proven suitable for small part 
radiography. 


TECHNICAL NOTES 
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Tracheal Overlap: Arteriographic Sign of Parathyroid Adenomas in the Posterior 
Superior Mediastinum 


JOHN L. DOPPMAN,' MURRAY F. BRENNAN,? AND EDWARD BROWN? 


Sometimes when parathyroid arteriography is performed 
after an initial unsuccessful operation, such an obvious 
adenoma is demonstrated just below the thyroid lobe 
that one wonders how it could have been overlooked by 
the surgeon. This should suggest that the elusive ade- 
noma is not in the neck but in the posterior superior 
mediastinium. Such a location can often be confirmed 
on the anteroposterior film by observing that the opaci- 
fied gland overlaps the tracheal air column. We call this 
the tracheal overlap sign and find it very helpful in 
predicting a paraesophageal or paravertebral gland. In 
the past 2 years we have seen 10 surgically verified 
parathyroid glands in the posterior superior medias- 
tinum. Eight of these (80%) demonstrated the tracheal 
overlap sign. 


Radiographic Findings 


Since the posterior superior mediastinum extends to 
the upper margin of the neck of the first rib, a gland that 
appears to be above the level of the sternal notch on 
anteroposterior projection may actually be tucked far 
posteriorly in the upper mediastinum (fig. 1). In this latter 
location it lies more medially and will often overlap the 
tracheal air column. Parathyroid glands lying in the 
anterior neck adjacent to the posterior thyroid capsule 
always project lateral to the tracheal air column. Figures 
2-4 show three typical posterior superior mediastinal 
glands in the oblique or lateral as well as the anteropos- 
terior projections. All were overlooked at initial surgery; 
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all demonstrate a positive tracheal overlap sign. True 
lateral films at shoulder level would be desirable, but are 
almost impossible to obtain. However, steeply oblique 
projections will usually demonstrate the posterior me- 
diastinal location of the gland; a shallow oblique projec- 
tion may be misleading. 


Discussion 


Anterior mediastinal adenomas often descend deeply 
into the chest, may have an inferior thyroidal or an 
internal mammary blood supply, and may require a 
sternum-splitting incision for retrieval [2-4]. Because of 
the high fat content of the anterior mediastinum, ectopic 
parathyroid glands in this location are readily detected 
by CT scanning [5]. On the other hand, posterior superior 
mediastinal parathyroid glands rarely descend very 
deeply, usually have an inferior thyroid blood supply, 
and can almost always be retrieved from the neck pro- 
vided the surgeon is alerted to their far posterior location 
[1, 6]. They generally lie in a paraesophageal or paraver- 
tebral plane. In a recently reported series [6] of reopera- 
tive parathyroid surgery covering 25 years, 34 of 104 
initially missed glands (3396) were located in the poste- 
rior superior mediastinum, by far the most common site 
of overlooked adenomas. 

We have had a similar experience with 40 reoperative 
cases in the past 2 years (table 1). Because there is little 
fat in the posterior superior mediastinum, we initially 


Fig. 1.—On anteroposterior pro- 
jection (A) parathyroid stain appears 
above manubrium (i.e., supraster- 
nal) and overlaps tracheal air col- 
umn. Lateral view (B) suggests that 
true location is far posterior in 
superior posterior mediastinum. 
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Fig. 2. —A, Anteroposterior projection showing adenoma projecting just below left thyroid lobe. Arrows indicate segment of 


gland overlapping trachea. B, Oblique view showing posterior location of adenoma (small arrows) compared to thyroid stain 
(large arrows). 
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Fig. 3.—A, Anteroposterior view showing parathyroid adenoma projecting just below right thyroid lobe. Arrows indicate 
tracheal overlap. Right inferior thyroid vein overlies adenoma. B, Oblique projection demonstrating posterior mediastinal loca- 


tion of adenoma (small arrows). Large arrows indicate lower pole of thyroid. Note anterior location of descending inferior thyroid 
vein. 
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Fig. 4.—A, Anteroposterior view showing cystic right inferior parathyroid adenoma overlapping tracheal air column (arrows). 
(Reprinted with permission from [1]). B, Lateral projection identifying posterior mediastinal location of adenoma (small arrows). 


Large arrows indicate lower pole of right thyroid lobe. 


TABLE 1 


Postoperative Parathyroid Adenomas 
T———————M————————— 


No. with 
Location No. Cases Tracheal 
Overlap 
Posterior superior 
mediastinum .. 10 8 
DEMNM avi: 30 0 





reported that CT would not demonstrate posterior me- 
diastinal glands [5]. However, as the anatomy of this 
region becomes more familiar, we have demonstrated 
posterior superior mediastinal glands by CT scanning. 
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Guest Editorial 


Human Experimentation: Regulations and Ethics 


While medical research has expanded enormously in 
this century, so inevitably has clinical research. Conse- 
quently, society and the medical community in particular 
must continually concern itself with the ethical and legal 
problems that arise when research involves human sub- 
jects. As radiologists we must be especially aware of 
these difficulties, since ionizing radiation is not without 
potential harm to subjects (see World Health Organiza- 
tion recommendations, 1977). A look at past and present 
attempts to formulate ethical guidelines for clinical re- 
search with human subjects will help explain the need 
for radiologists to support local monitoring efforts based 
on current federal guidelines. 

Public awareness of ethical and legal problems posed 
by clinical research did not coalesce until the Nuremberg 
trials after World War Il. The Nuremberg Code, derived 
from those trials, addressed itself to what constitutes 
valid legal, moral, and ethical experimentation. In 1964, 
the World Medical Association promulgated a code 
which became known as the Declaration of Helsinki, a 
series of guidelines more ethical and less legalistic than 
the Nuremberg Code. The original declaration, updated 
in 1975, was in essence adopted and given imprimatur 
by the American Medical Association in 1966 and re- 
ferred to as Ethical Guidelines for Clinical Investigation. 
According to the revised Declaration of Helsinki, material 
obtained in an unethical manner cannot be published. 
Since 1966, a number of federal agencies —the National 
Institutes of Health, the Food and Drug Administration, 
the Department of Health, Education and Welfare — have 
issued increasingly detailed regulations on projects they 
support governing experimentation with human sub- 
jects. 

As the human rights issue gained momentum and 
demanded accountability from the medical profession, 
congressional intervention resulted in the National Re- 
search Act (Public Law 93-348) that was signed into law 
in 1974, thereby creating the National Commission for 
the Protection of Human Subjects of Biomedical and 
Behavior Research. The commission has emerged as a 
major force through administrative implementation of its 
guidelines in the conduct of research. 

Currently, to perform experimentation on human sub- 
jects, the following guidelines must be met. There must 
be a local institutional review board to review all clinical 
investigation proposals, whether or not they are being 
submitted to a federal or nonfederal egency for funding. 
Lay persons must be on the board. The review board or 
human study committee's surveillance of research ethics 
requires simultaneous assessment of the scientific and 
ethical soundness of the proposals. 


First, the board must decide whether the research is 
scientifically sound in design and conduct. Could ani- 
mals be used instead of human subjects? Are methods 
used for obtaining data proper and do they keep the 
subjects’ best interests in mind? Are the investigators 
qualified to carry out such research? What will society 
gain that will justify the project's expense? 

Second, the committee must determine the risks to 
human subjects in the proposal and whether the risks 
are outweighed by the benefit to the subject or by the 
importance of the knowledge to be gained. These risks 
must be minimized by the use of the safest procedures 
consistent with sound research design. Anything greater 
than "minimal risks" or a slight increase in "minimal 
risks" must meet specific criteria, especially if the sub- 
jects will receive no direct benefit. There is a consider- 
able body of literature defining and determining risks, 
including equitable distribution of risk. 

Third, the board must determine that the rights, wel- 
fare, and privacy of research subjects are adequately 
protected. Vulnerable persons such as children and 
captive populations may be studied only when less 
vulnerable persons are not suitable or when the research 
is designed to develop or evaluate methods intended to 
benefit these subjects. 

The fourth and most controversial responsibility is to 
determine the appropriateness of the methods used to 
secure informed consent. Consent by an individual or 
his legally authorized representative should be made 
without excessive inducement or force. The subject 
should be informed of the nature of the project and his 
role in it. There should be a description of attendant 
discomfort, risks, and benefits. Alternative procedures 
must be disclosed to the subject with an offer to answer 
any inquiries during the procedures. The subject must 
be free to withdraw from the project at any time. A major 
problem arises when the individual, whether adult or 
child, is incapable of understanding research proposals. 
The weak and the less advantaged must be protected. 

The Nuremberg Code assumes the concept of a "rea- 
sonable person." The legal standard of a "reasonable 
person" is replacing the consensus of the medical 
profession in deciding how much information should be 
transmitted for consent to be adequately informed. It is 
possible that, by law, information must be revealed to 
the subject when the medical community may be op- 
posed to such disclosure. The questions are how much 
information does a reasonable person require for in- 
formed consent, whether true informed consent is ever 
possible, and how to document informed consent. 

Finally, the conduct of the research activity must be 
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reviewed semiannually. But review boards are hard- 
pressed for time and money. Additional demands are 
being placed on them by other federal agencies —the 
Energy Research and Development Administration, Con- 
sumer Product Safety Commission, the Food and Drug 
Administration, and others. 

Review boards need the support of all radiologists. 
Good research proposals can stand the scrutiny of hu- 
man review committees. To circumvent this is clearly 
unethical and unlawful. The same ethical guidelines 


obviously apply to all prospective investigations in diag- 

nostic radiology as they do in all other divisions of 

radiology. If current clinical investigation guidelines are 

followed, the rights of subjects can be respected while a 

balance between totally unfettered and severely re- 
stricted medical research can be achieved. 

William H. McAlister 

Washington University School of Medicine 

St. Louis, Missouri 63110 


Change in Case Report Review Policy 


The Journal receives a large number of case reports which, although 
technically satisfactory, do not satisfy a major requirement for publica- 
tion: that they convey medical significance over and above the spe- 
cifics of the circumstance being reported. The editors look for an inno- 
vative approach to diagnosis, an experience of general diagnostic or 
therapeutic significance, a revealing insight into an unusual disease 
process. An opportunistic confrontation with a pathologic rarity is in- 


sufficient reason for publication. 


To expedite the review process of case reports, careful preliminary 
examination will be carried out by one of the editors to determine 
whether the qualification of medical significance has been met. If it has 
not, the manuscript will be returned immediately to the author. Case 
reports judged to have sufficient medical significance will undergo 
the same outside peer review process as major manuscripts. This 
policy will benefit authors by providing prompt, definitive disposition 
of manuscripts and also reduce the burden on the volunteer reviewers 
who so generously give their time to assignments by the Journal. 








Letters 


RAPORT System 


I am somewhat bemused by the tardy and rather heavyhanded 
criticism leveled by Covvey et al. [1]. Since all of the material 
was gathered over 3 years ago, and because of the obvious 
dynamic changes in all hospital systems, especially with respect 
to developing systems such as the RAPORT-Maxi File System, it 
would almost seem moot to discuss this dated material. 

| would, however, like to make the following points by way of 
rebuttal. 

The material in the article was gathered by way of question- 
naire and personal telephone calls to the individuals who were 
personally responsible for the gathering of the data from each 
of the 19 institutions reporting in this study. In the case of 
Toronto General Hospital, | have personal knowledge that the 
respondent is not only of impeccable character but, in my 
judgment, far more accurate in his assessment than my critics. 
On.the basis of personal knowledge of both, | stand on all 
conclusions drawn from the material submitted from Toronto 
General Hospital. 

The remainder of the objections have all been answered 
clearly and completely in the article itself, and | see no reason 
to be repetitious nor to bore the reader with unnecessary 
rebuttals. Cavils concerning definitions are more intellectual 
conceits among experts in the field than educational corusca- 
tions and, as usual, produce more heat than light. | stand on all 
my definitions which have been clearly outlined and have been 
accepted by everyone except, apparently, Covvey et al. 

Perhaps the most important point is that the critics somehow 
mistakenly attributed the Toronto General sample to that of 


another hospital. They quote a number of 223 as the sample 
basis from Toronto General Hospital. It is the one immediately 
adjacent and the number is 23,000, which is a far more repre- 
sentative and substantial figure as a data base. A simple phone 
call to me would have solved this particular problem. 

Finally, the following facts presently obtain regarding the 
RAPORT System: (1) there are over 40 RAPORT-Maxi File 
Systems in the field, with many being upgraded from RAPORT- 
Maxi File | to RAPORT-Maxi File Il; (2) there has been only one 
rejection of a RAPORT system over the last 2 years; and (3) 
there are at least three articles in the literature in the last 2 years 
which support my contention that the RAPORT System is an ef- 
fective tool in the hands of motivated radiologists who are inter- 
ested in improving the efficiency of their departments [2-4]. 

R. L. Mani 
Providence Hospital 
Oakland, California 94623 
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Erratum 


In the case report “Gangrene of the Feet Associated with Mesenteric In- 
traarterial Vasopressin" by Twiford et al. (AJR 130:558-560, March 
1978), the legend to figure 1 is incorrect. The legend should read: 


Fig. 1.—Superior mesenteric arteriogram. A, Active bleeding from 
ileocolic branch (arrow). B, Persistent bleeding (arrow) with moderate 
mesenteric vasoconstrictive effect after 20 min of intraarterial infusion 
with vasopressin at 0.4 U/min. No reflux into aorta occurred with same 
injection factors as in A. 
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Abstracts of Current Literature 


Chest 


The nature and significance of peribronchial cuffing in pulmo- 
nary edema. Don C, Johnson R (Ottawa General Hospital, 
Ottawa, Ontario K 1N 5C8, Canada). Radiology 125 : 577-582, 
Dec 1977 


So-called “peribronchial cuffing" in acute pulmonary edema 
appears to be caused by edema involving the bronchial wall as 
well as the peribronchial interstitial space, and this was con- 
firmed at autopsy in a patient with acute left heart failure. 
Edema of the bronchial wall indicates transudation from capil- 
laries derived from the bronchial rather than the pulmonary 
artery, which may well explain all of the radiological manifesta- 
tions of acute interstitial edema. The possible role of this 
circulation in the production of acute alveolar edema is also 
discussed. The significance of the bronchial artery circulation 
in the production of acute pulmonary edema warrants reevalu- 
ation. 


Author Abstract 


Cardiovascular 


The technology of balloon catheters in interventional angiog- 
raphy. Wholey MH (Shadyside Hospital, 5230 Centre Avenue, 
Pittsburgh, Pennsylvania 15232). Radiology 125:671-676, Dec 
1977 


Balloon catheters with expansion capabilities from 1 mm to 6 
cm have been developed. They feature torque control and can 
be selectively positioned within vessels as easily as the ordinary 
diagnostic angiographic catheters. The balloons can be utilized 
for hemorrhage control, conventional embolectomy, operative 
angiography, vena cava occlusion, and purposeful vascular 
thrombosis or dearterialization. In the event of unsuccessful 
control, the balloon can be readily deflated and removed within 
minutes. 


Author Abstract 


The pathophysiologic basis for the angiographic signs of 
vascular ectasias of the colon. Boley SJ, Sprayregen S, Sam- 
martano RJ, Adams A, Kleinhaus S (Montefiore Hospital and 
Medical Center, 111 East 210th Street, Bronx, New York 10467). 
Radiology 125:615-621, Dec 1977 


Three reliable diagnostic signs were identified on angiograms 
from 25 patients with ectasias of the right colon: (a) a slowly 
emptying dilated, tortuous, intramural vein; (b) a vascular tuft; 
and (c) an early filling vein. The frequency of these signs and 
the order of their occurrence reflect the different stages in the 
evolution of ectasias. The earliest and most frequent sign, the 
slowly emptying vein, reflects ectatic changes in a submucosal 
vein resulting from chronic intermittent partial obstruction. The 
vascular tuft represents more advanced lesions and corre- 
sponds to extension of the degenerative process to the venules 
in the mucosa. An early filling vein reflects an arteriovenous 
communication through a dilated arteriolar-capillary-venular 
unit—a mucosal ectasia. 


Author Abstract 


Temporal arteritis—a 25-year epidemiologic, clinical, and 
pathologic study. Huston KA, Hunder GG, Lie JT, Kennedy RH, 
Elveback LR (Mayo Clinic, Rochester, Minnesota). Ann /ntern 
Med 88:162-167, 1978 


This study provides long-term data on the incidence, course, 
and survivorship of temporal arteritis in a defined population. 
The patients studied were residents of Olmstead County, Min- 
nesota. Residents of this county, which includes Rochester 
have had detailed medical records maintained by the Mayo 
Clinic for many years. These medical records were used as the 
basis for this report, along with other clinical data available at 
the Mayo Clinic. The investigators estimate that the average 
annual incidence of temporal arteritis is approximately 17 per 
100,000 for individuals over age 50, making this a relatively 
common disease. The incidence also appears to be increasing. 
Although temporal arteritis has been associated with strokes 
and ischemic heart disease, carefully evaluated survival data 
does not suggest that temporal arteritis substantially reduces 
life expectancy. Most patients in this series were treated with 
corticosteroid therapy and most responded favorably. The 
dreaded complications of temporal arteritis, strokes and blind- 
ness, were relatively uncommon, but the blindness generally - 
did not improve with corticosteroid or other therapy. Most of 
these patients were managed with long-term, low-dose cortico- 
steroids with relatively little mention of serious steroid side 
effects. The median duration of prednisone treatment of more 
than 7'/» mg/day was 4 months, and many patients had their 
corticosteroids stopped after 6 months to 1 year of treatment. 
This report does not suggest that discontinuing of steroids in 
these patients leads to predictable, dire consequences. Overall 
this review of a large and stable population provides a helpful 
overview of the usual disease course of this interesting medical 
problem. 


David C. Dale 
Department of Medicine 
University of Washington 


Total anomalous pulmonary venous connection. Report of 10 
cases and review of the literature. Paster SB, Swensson RE, 
Yabek SM (University of New Mexico, School of Medicine, 
Albuquerque, New Mexico 87131). Pediatr Radiol 6:132-140, 
1977 


Ten cases of total anomalous pulmonary venous connection 
are described. All presented at or below the age of 8 weeks: 
three were below the diaphragm, two to the coronary sinus, one 
to the right atrium, three to the left vertical vein, and one to the 
right superior vena cava. Six patients had other cardiac anom- 
alies, and surgical mortality represented 7595. A review of the 
subject is presented. 


Author Abstract 


Sulfinpyrazone in the prevention of cardiac death after myo- 
cardial infarction. Sherry S et al. (The Anturane Reinfarction 
Trial Research Group, Temple University School of Medicine, 
3401 North Broad Street, Philadelphia, Pennsylvania 19140). N 
Engl J Med 298:289-295, Feb. 9, 1978 


Sulfinpyrazone is a Potent uricosuric drug used since 1959 in 
the treatment of gout. The drug has also been found recently to 
possess certain antithrombotic properties which may be due to 
the drug's ability to inhibit platelet activation and the synthesis 
of prostaglandins. Because of the great interest in drugs which 
may prevent arterial occlusion by interfering with platelet func- 
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tion, a major study was conducted of the use of this drug to 
prevent cardiac deaths after myocardial infarction. 

The study was an extremely well controlled, randomized, 
double-blind, multicenter, clinical trial comparing sulfinpyra- 
zone (200 mg four times/day) and a placebo in the prevention 
of cardiac deaths for patients who had recent well-docu- 
mented myocardial infarctions. This paper gives preliminary 
data for 1,475 patients studied for an average period of 8.4 
months. Results to date show that cardiac deaths occurred with 
almost twice the frequency in the placebo group as in the drug- 
treated group; annual death rate being 9.5% with the placebo 
and 4.996 with sulfinpyrazone. Although the investigatory group 
had anticipated that myocardial infarction would be reduced, 
the major reason for the difference between the two groups was 
the lesser frequency of sudden cardiac death in those individ- 
uals receiving sulfinpyrazone. 

In time, we will need to compare the results of this trial with 
other similar trials using this same agent and other studies 
currently underway to investigate aspirin and other drugs which 
may interfere with platelet function and thereby reduce myocar- 
dial infarction. The investigators in this study have wisely 
concluded that they should not stop their double-blind control 
trial but should ask their patients for permission to continue the 
trial a bit longer. This additional information should be of great 
value to most clinicians and to all those concerned about the 
prevention of myocardial infarction. 


David C. Dale 
Department of Medicine 
University of Washington 


Right ventricular compression as a sign of cardiac tampon- 
ade. An analysis of echocardiographic ventricular dimensions 
and their clinical implications. Schiller NB, Botvinick EH (Non- 
invasive Laboratories, Room 1186 Moffitt Hospital, San Fran- 
cisco, California 94143). Circulation 56:774-779, Nov 1977. (By 
permission American Heart Association) 


We have identified pericardial effusion by echocardiography 
in 174 patients. Seventeen had cardiac tamponade which was 
not always clinically obvious. Right ventricular narrowing or 
compression, occurring in the minor axis at end diastole and 
end expiration to 7 + 2 mm or less, was strongly associated 
with tamponade in patients with effusion. Right ventricular 
compression and signs of tamponade abated with pericardi- 
ocentesis. One patient was in tamponade without obvious right 
ventricular narrowing. Nonetheless, he demonstrated serial 
increases in right ventricular dimensions which paralleled he- 
modynamic improvement. Diminished left ventricular end-dia- 
stolic dimension, "swinging heart," electrical alternans, recip- 
rocal respiratory variations in right and left ventricular end- 
diastolic dimensions, and variation in amplitude of the mitral 
DE slope were nonspecific for tamponade. Evaluation of right 
ventricular dimensions may be clinically useful to diagnose and 
monitor cardiac tamponade. 


Author Abstract 


Real-time cross-sectional echocardiographic diagnosis of 
coarctation of the aorta. A prospective study of echocardi- 
ographic-angiographic correlations. Sahn DJ, Allen HD, Mc- 
Donald G, Goldberg SJ (University of Arizona Health Sciences 
Center. Tucson, Arizona 85724). Circulation 56:762-769, Nov 
1977. (By permission American Heart Association) 


Real-time cross-sectional echocardiographic sector scan ex- 
aminations were performed from a suprasternal notch location 
to image aortic arch anatomy in 15 children (ages 1 day to 21 
years) who were subsequently shown at cardiac catheterization 
to have coarctation of the descending thoracic aorta. The 
resulting echocardiographic images of the ascending, trans- 
verse, and descending aorta imaged juxtaductal coarctation in 
all 15 patients. Echocardiography predicted discrete coarcta- 
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tion of the aorta in eight, isthmic hypoplasia in two, hourglass 
type coarctation deformities in three and longer segment coarc- 
tation in four patients. Catheterization and angiography con- 
firmed all of these anatomic observations. 

The control group, 100 patients with congenital heart disease 
but without angiographic coarctations, included four patients 
with right-sided aortic arch and six patients with dextrocardia. 
The ascending, transverse, and descending aorta were ade- 
quately imaged in 94 of these and no descending aortic abnor- 
malities were noted. This study shows the potential utility of 
cross-sectional echocardiography for the noninvasive precath- 
eterization or preoperative assessment of coarctation of the 
aorta in children and critically ill newborns. 


Author Abstract 


Traumatic aortic insufficiency in children: case report and 
review of the literature. Rowland TW (Baystate Medical Center, 
759 Chestnut Street, Springfield, Massachusetts 01107). Pedi- 
atrics 60:893-895, 1977 


Development of aortic insufficiency and saccular aneurysm of 
the aortic root is reported in a 5-year-old boy who was run over 
by a tractor. Both aortic stenosis and aortic aneurysms are rare 
in children posttrauma but should be considered when a mur- 
mur is detected in a patient following blunt chest injury. 


B. J. Wood 


Gastrointestinal 


The dilated pancreatic duct: ultrasonic evaluation. Gosink BB, 
Leopold GR (University of California, San Diego, California 
92161). Radiology 126:475-478, Feb 1978 


Eight patients with signs and symptoms of obstructive jaun- 
dice were evaluated by gray scale echography. In each, ultra- 
sonic identification of a dilated pancreatic duct was helpful in 
confirming the diagnosis of an obstructing lesion at the level of 
the ampulla of Vater. In only three could the tumor mass itself 
be seen on ultrasound. With the recognition of pancreatic duct 
dilatation, it is no longer essential for a tumor in the region of 
the ampulla of Vater to be large or contour-deforming before it 
can be identified by ultrasound. 


Author Abstract 


Studies of the liver by computerized tomography. Osteaux M, 
Coenen Y, Struyven J, Marchal G, Huvenne R, Jeanmart L, 
Baert A (L. Jeanmart, 1 rue Heger-Bordet, 1000 Bruxelles, 
Belgium). J Radiol Electro! Med Nucl 58:765-772, Dec 1977 


The liver, with its well-defined contour, homogenous paren- 
chyma, rich vasculature, and relatively slight mobility, render 
this organ ideal for examination by computed tomography. 

A total of 4,700 patients were examined by CT at the radiology 
departments of the Hopital Saint Raphael (Catholic University of 
Louvain) and the Free University Hospital (Brusselles). Identical 
equipment and techniques were used. The liver was examined 
in 1,480 patients, 520 of whom had specific indications for 
hepatic imaging. Contrast enhancement was achieved by intra- 
venous injection of 100 ml 76% meglumine and sodium diatri- 
zoate. Among the striking findings observed, in descending 
order of frequency, were: metastatic malignancy, diffuse benign 
hepatomegaly with a homogenous parenchymal structure, gall- 
bladder disease with calculi, ascites, cirrhosis, primary hepatic 
tumor, polycystic liver disease, hydatid disease, abscess, he- 
matoma, and posttraumatic aneurysm of the hepatic artery. 
Findings included 12 false positives and 51 false negatives. 

Average density of normal liver tissue is 60-70 Hounsfield 
units. Contrast enhancement raises the density to 100-120 H.U. 
The pathologic conditions observed are evaluated in terms of 
increased or decreased density of the pathologic tissue as 
compared with normal. Cystic disease (—20 H.U.), fatty degen- 
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eration (—50-—100 H.U.), and abscesses present sharply de- 
fined areas of decreased density. Solid tumors may present the 
same density, or may appear as areas of moderately decreased 
density in comparison to surrounding normal tissue. The differ- 
ence in density becomes more apparent after contrast enhance- 
ment whereby the avascular tissue, especially in metastatic 
malignant disease, with its decreased density, is more clearly 
defined in comparison with adjacent normal tissue. The quality 
of the reproductions is exceptionally good in all 15 cases 
presented as examples. 


William H. Shehadi 


Urinary excretion and patterns of protein binding of iodipam- 
ide (Biligrafin forte). Husband J, Saxton HM (Guy's Hospital, 
London SE1 9RT, England). Br J Radiol 51:11-16, Jan 1978 


It has been suggested that the bile ducts are seen better 
during intravenous cholangiography when the contrast medium 
is given by infusion rather than by injection in a single bolus. As 
an explanation, it has been proposed that a greater amount of 
contrast medium is bound to plasma proteins after infusion, 
resulting in a small quantity of contrast medium being excreted 
in the urine, so leaving a larger total for excretion by the liver. 

In this study, the urinary excretion of '??| labelled iodipamide 
methylglucamine (5096 weight/volume Biligrafin forte) has been 
measured in 42 patients. The patients were divided into two 
groups. One group received a slow infusion of radioactive 
iodipamide over 45 min and the other an intravenous injection 
over 5 min. When a relatively high dose (0.6 mg/kg body weight) 
was used, no difference in urinary excretion was noted between 
these two groups; but with a lower dose (0.2 mg/kg body 
weight), slow infusion resulted in a reduced urinary excretion: 
however the total difference in contrast lost in the urine was too 
small to affect biliary concentration. 

The patterns of protein binding of iodipamide have been 
examined in 12 of these patients. The results show that at the 
low dose a higher percentage of radioactive iodipamide is 
bound to protein in patients given contrast by infusion. There is 
clear evidence that the contrast binding capacity of plasma is 
limited so that with higher doses, much contrast remains 
unbound. At any given dose level, there is an inverse correlation 
between the proportion of contrast bound to protein and the 
urinary excretion. The factors affecting contrast binding in 
individual subjects are not clear. 

This report reinforces the recent findings by a number of 
other authors that currently employed dose levels of biliary 
contrast media exceed the plasma's capacity to bind the con- 
trast media and lead to appreciable urinary loss. The lower dose 
level (0.2 mg/kg body weight) though still in excess of the likely 
transport maximum for iodipamide provides equally good cho- 
langiograms with less urinary excretion. 


T. Noel K. Allan 


Aphthoid ulcers in Crohn's colitis. Simpkins, KC (General 
Infirmary, Leeds, England). Clin Radiol 28:601-608, Nov 1977 


Aphthoid ulceration is a strong indication and the earliest 
radiographic sign of Crohn's colitis. These small discrete ulcers 
were found by double contrast barium enema examination in 40 
of 91 patients with Crohn's colitis. Seen en face each ulcer 
appears as a central fleck of barium surrounded by a translucent 
halo set amidst a patch of normal mucosa. Their detection gives 
a more accurate assessment of the extent of disease. This 
information is required in order to plan medical or surgical 
treatment and can only be provided by meticulous double 
contrast examination or colonoscopy. Aphthoid ulceration has 
been demonstrated prior to the onset of bowel symptoms, and 
several years before the advent of severe colonic disease. The 
appearance of aphthoid ulcers in established quiescent disease 
has been observed to herald a relapse. The radiographic dem- 
onstration of the evolution of ulceration, which is illustrated, 
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closely reflects what is seen on macroscopic examination of 
excised specimens and explains the characteristic patchiness 
and discontinuity of disease. 


Author Abstract 


Endoscopic papillotomy. Koch H, Rosch W, Schaffner O, Dem- 
ling L (Medizinische Universitatsklinik, Kranhenhausstrasse 12, 
D-8520 Erlangen, Germany). Gastroenterology 73:1393-1396, 
1977 


The authors present a distinguished experience in endo- 
scopic diagnosis and therapeutics. Their experience with 267 
patients presenting with obstruction of the common bile duct 
and relieved by endoscopic electrosurgical papillotomy is re- 
ported. In 192 of 222 patients with choledocholithiasis, all 
calculi were removed by endoscopic papillotomy. The remain- 
ing 45 patients of 267 patients had endoscopic papillotomy 
because of papillary stenosis. Complications of endoscopic 
papillotomy were found to be pancreatitis (nine patients), hem- 
orrhage (seven patients), and perforation (two patients). There 
were two fatalities which were attributed to purulent cholangitis 
and acute hemorrhage. The authors emphasize that the endo- 
scopic method requires less hospitalization and recovery time 
than the traditional surgical procedures used to treat chole- 
docholithiasis and papillary stenosis and that the complication 
rate with endoscopic papillotomy is less than that reported for 
surgical management of these conditions. The authors empha- 
size that endoscopic papillotomy is the method of choice for 
managing common duct obstruction in high risk patients before 
cholecystectomy, for retained or reformed stones after chole- 
cystectomy, and for papillary stenosis. 


Charles A. Rohrmann, Jr. 


A comparison of colonoscopy and roentgenography for de- 
tecting polypoid lesions of the colon. Leinicke JL, Dodds WJ, 
Hogan WJ, Stewart ET (Milwaukee County Medical Complex, 
8700 West Wisconsin Avenue, Milwaukee, Wisconsin 53226). 
Gastrointest Radiol 2:125-128, 1977 


This is a study in which the effectiveness of the barium enema 
and colonoscopy examination are compared for detecting pol- 
ypoid colon abnormalities. Sixty-four patients received the 
same colon cleansing regimen for both examinations and were 
studied by examiners of similar expertise. Conventional barium 
enemas were performed in half of the patients, 25% had air 
contrast barium enemas, and 25% had both air contrast and 
single contrast studies. 

The results by both modalities were compared and related to 
lesion size. Of polyps equal to or less than 0.9 cm, 54% were 
missed by radiographic examination while there were no proven 
misses for lesions of this size with colonoscopy. For lesions 
equal to or greater than 1.0 cm in size, the miss rate for the two 
examinations was similar: 15% for barium enema, and 12% for 
colonoscopy. 

The authors proposed that the false negative barium enema 
in the small colon polyp may be due to inadequate colon 
cleansing, poor film exposure, superimposition of redundant 
bowel loops, misinterpretation of the polyp as a piece of foreign 
material, or failure to observe the filling defect present on the 
films. Factors accounting for the false negatives at colonoscopy 
are: blind spots on the inner curvature of redundant loops, 
lesions hidden behind large mucosal folds, failure to examine 
certain bowel segments because of telescoping of the bowel on 
the endoscope, and misjudgment that the scope has reached 
the cecum. 

The authors conclufie that colonoscopy is more sensitive for 
detecting small polyps of the colon and that the two examina- 
tions are comparable for demonstrating lesions equal to or 
greater than 1.0 cm in size. 


Charles A. Rohrmann, Jr. 
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Radiologic appearance of the Collis-Belsey fundoplication. 
Childress MH, Martel W (University of Michigan, Ann Arbor. 
Michigan). J Can Assoc Radiol 28:282-284, Dec 1977 


The Collis-Belsey fundoplication is a commonly used proce- 
dure to deal with the short and strictured esophagus associated 
with a hiatus hernia. On the initial postoperative radiographic 
examination, a fundal mass is usually seen. This mass is likely 
due to edema and/or hemorrhage at the fundoplication site as 
it generally decreases in size, usually within 6 weeks following 
surgery. Esophageal narrowing is generally seen and this too 
subsides with time, although a stricture may be present and 
require subsequent dilatation. 


Jack M. Tishler 


Genitourinary 


Urine bacterial counts after sexual intercourse. Buckley RM 
Jr., McGuckin M, MacGregor, RR (Pennsylvania Hospital, 
Eighth and Spruce Streets, Philadelphia, Pennsylvania 19107). 
N Engl J Med 298:321-324, 1978 


There is a well-known but rarely studied association of sexual 
intercourse and the development of acute symptomatic urinary- 
tract infection in females. "Honeymoon cystitis’ is the best 
known example of this phenomenon. In this interesting report, 
Buckley and colleagues measured urine bacterial counts be- 
fore, 1 hour after, 6-10 hr after, and 36-48 hr after sexual 
intercourse. They observed that there was more than a one log 
increase in urine bacterial counts in 30% of the intercourse 
episodes studied. All of these events were transient and asymp- 
tomatic. Early voiding after intercourse did not appear to pre- 
vent the development of increased urine colony counts in this 
study group, neither was there any relationship of the birth 
control methods being used by the individuals studied, although 
the group was small. This report provides evidence for a 
relationship of intercourse to urinary-tract infection but it is 
clear that this is only one contributor to the development of this 
common problem. As Dr. Kunin points out in his accompanying 
editorial (N Eng! J Med 298:336-337, 1978), urinary tract infec- 
tions occur at all ages, in both males and females, and in those 
not sexually active. It is also important to note that prophylactic 
antibiotics can be used to prevent intercourse related urinary- 
tract infections (Harding and Ronald, N Eng! J Med 291:597- 
601, 1974). 


David C. Dale 
Department of Medicine 
University of Washington 


Musculoskeletal 


Ischemia as a cause of nonunion of a fracture. Hood RW, Bird 
CB, Eidemiller LE, Porter JM, Luber JM (University of Oregon 
Health Science Center, Portland, Oregon). J Bone Joint Surg 
[Am] 60:126-127, Jan 1978 


This single case was a year long nonunion of a distal tibia 
and fibula fracture in a patient who had extensive arterioscle- 
rotic vascular disease. The patient had angiography showing 
abnormalities of the great vessels leading off the aorta as well 
as extensive vascular disease of the distal aorta and the periph- 
eral run off. An aortic-femoral bypass was done and the patient 
had prompt healing of the "nonunion." Since nonunions of 
extremities are radiographed with great regularity, suggesting 
the possibility of a vascular insufficiency causing a lack of 
healing is certainly a radiographic prerogative. Although the 
authors of this paper are not aware of any previous cases of this 
type, there must be many existing cases of nonunions second- 
ary to ischemia. The radiologist is in an excellent position to 
suggest peripheral ischemia as a complicating factor. 


Gerald R. Smith 


ABSTRACTS 


Bone mineral status measured by direct photon absorptiome- 
try in childhood renal disease. Chesney RW, Mazess RB, Rose 
PG, Jax DK (University of Wisconsin Hospitals, 1300 University 
Avenue, Madison, Wisconsin 53706). Pediatrics 60:864-872, 
Dec 1977 


Bone width, bone mineral content, and their ratio were 
measured in renal patients using direct photon absorptiometry. 
Serial measurements were made on the radius and ulna in 74 
children with renal diseases. Values were compared to age, sex, 
height, and weight-matched controls. The standard deviation 
from the mean in normal subjects is +10%. Significant de- 
mineralization (> —2SD) was found in 42% of all patients and 
in 75% with tubulointerstitial disease. Significant demineraliz- 
ation was noted in 12 patients with nephrotic syndrome and two 
with systemic lupus erythematosus, all of whom were receiving 
prednisone therapy and had a serum creatinine level less than 
1.0 mg/dl, and three treated with anticonvulsants. Severe de- 
mineralization (^ —3SD) was found in four rachitic patients with 
tubulointerstitial disease. Normal mineralization was present in 
32 patients with various primary glomerular diseases, seven of 
whom had a serum creatinine level greater than 1.5 mg/dl. 
Bone mineral content declined with daily prednisone therapy 
but increased with alternate-day dosage in seven patients. This 
study suggests that demineralization is more common in pa- 
tients with tubulointerstitial disease and in patients with primary 
glomerular disease who are receiving prednisone (16 patients) 
or anticonvulsants. Photon absorptiometry appeared more use- 
ful than conventional radiographic evaluation in assessing skel- 
etal involvement in childhood renal disease. 


Author Abstract 


Arthrography and ultrasonography for the detection of Baker's 
cysts (in German). Baumann D, Kremer H (Orthopaedische 
Klinik und Poliklinik der Universitaet Muenchen, Harlachinger- 
strasse 51, 8000 Muenchen 90, Germany). Fortschr Roentgenstr 
127 : 463-466, Nov 1977 


Arthrography and ultrasonography were performed on 23 
knee joints with clinical evidence of a Baker’s cyst. In 20 knees, 
the sonographic diagnosis of a Baker’s cyst was confirmed by 
arthrography. In three knees, the sonographic diagnosis of a 
Baker's cyst could not be substantiated on arthrography. The 
possible causes of the discrepancy are discussed: in one case, 
it is believed that a spontaneous rupture of the Baker's cyst 
occurred following ultrasonography and prior to the arthrogra- 
phy 6 weeks after the sonographic examination. In the other 
two knees, both belonging to one patient, prominent muscles 
were probably mistaken for bilateral Baker's cysts. Ultrasonog- 
raphy for the diagnosis of a Baker's cyst is preferred over 
arthrography in patients with inflammatory and degenerative 
joint disease while in patients suspected of having a traumatic 
Baker’s cyst, arthrography is considered superior since it may 
reveal additional meniscal injury. 


Peter F. Winter 


Slipped femoral capital epiphysis as a sequela to childhood 
irradiation for malignant tumors. Wolf EL, Berdon WE, Cassady 
JR, Baker DH, Freiberger R, Pavlov H (W. E. Berdon, Babies 
Hospital, Columbia-Presbyterian Medical Center, New York, 
New York 10032). Radiology 125:781-784, Dec 1977 


Five cases of slipped femoral capital epiphysis were noted in 
children with prior irradiation for malignancy whose femoral 
head and neck had been included in the radiation portal. Three 
of the five were patients who had lymphoma. As a result of 
increasing survival rates for these types of patients, this previ- 
ously unrecognized radiation-related growth disturbance may 
be more likely to be seen in the future. 


Author Abstract 
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Radiological/pathological correlations in uremic bone dis- 
ease. Debnam JW, Bales ML, Kopelman RC, Teitelbaum SL 
(Mallinckrodt Institute of Radiology, 510 South Kingshighway, 
St. Louis, Missouri 63110). Radiology 125:653-658, Dec 1977 


Skeletal radiographs and non-decalcified bone specimens 
from 17 chronically uremic patients with radiographic evidence 
of bone disease were studied quantitatively. The results of each 
morphological technique were compared in an attempt to define 
the roentgenographic manifestations of renal osteodystrophy 
histologically. The radiographs correlated best with the trabec- 
ular bone manifestations of osteitis fibrosa but showed poor 
correlation with histological evidence of osteomalacia. Radio- 
graphic signs of osteosclerosis could not be correlated with any 
radiographic or histological feature of bone resorption. 


Author Abstract 


Septic arthritis of the glenohumeral joint. Resnick D, Goergen 
TG, Weisman MH (M. H. Weisman, University of California 
Medical Center, 225 West Dickinson, San Diego, California 
92103). Arthritis Rheum 20:1500-1505, 1977 


Shoulder sepsis is characterized by extraarticular extensions 
through the joint capsule and rotator cuff tendon into soft tissue 
of the arm. Initial plain films were normal in all six patients. 
Arthrocentesis using fluoroscopic guidance is used for diagno- 
sis, drainage, and introduction of contrast material to define the 
extent of shoulder sepsis. 


D. M. Forrester 


Acute bilateral symmetrical pathologic fractures of the lateral 
tibial plateaus in a patient with Gaucher's disease. Seimshei- 
mer F, Mankin HJ (H. J. Mankin, Massachusetts General Hospi- 
tal, Fruit Street, Boston, Massachusetts 02410). Arthritis Rheum 
20:1550-1555, 1977 


A 41-year-old female with Gaucher's disease developed bone 
crises of both proximal tibiae and of her spine concurrent with 
a syndrome of severe gastroenteritis. Some 3-6 months later, 
the bilateral symmetrical pathologic collapse of both lateral 
tibial plateaus occurred. The unusual occurrence of multiple 
bone crises with the gastroenteritis suggests a common causa- 
tive agent, possibly a severe viremia. 


Author Abstract 
^ 


Nervous System 


The impact of CT scanning and ultrasonography on orbital 
diagnosis. Lloyd GAS (Moorfields Eye Hospital, London, En- 
gland) C/in Radiol 28:583-593, Nov 1977 


New methods of soft tissue imaging have revolutionized the 
investigation of the orbit. The impact of CT scanning and 
ultrasonography is considered in relationship to established 
techniques including angiography. The importance of plain x- 
ray examination and conventional tomography is stressed for 
the exclusion of nonorbital causes of exophthalmos. In the orbit 
CT scanning is the best method of establishing the presence of 
a mass lesion; ultrasonography is useful principally for the 
investigation of optic nerve problems. Venography is still re- 
quired in most patients to diagnose and establish the extent of 
a venous malformation in the orbit; it also has an important part 
to play in the diagnosis of inflammatory processes. Carotid 
angiography is now only required in patients with highly vascu- 
lar orbital tumours, or with suspected arteriovenous anomalies. 
Plain x-ray examination, CT scanning, and venography are 
regarded as the dominant investigations with conventional 
tomography, ultrasound, and arteriography playing a subsidiary 
role. 

Author Abstract 
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Pseudoocclusion of the internal carotid artery. Macpherson P 
(Institute of Neurological Sciences, Southern General Hospital. 
Glasgow G51 4TF, Scotland). Br J Radiol 51:5-10, Jan 1978 


In a 10-year period, 31 cases of pseudoocclusion of the 
internal carotid artery were seen; 42 carotid angiograms were 
available for analysis. On the first film of the series, the contrast 
came to a tapered end in the cervical portion of the internal 
carotid artery in 16; extended to the carotid canal in 11; to the 
siphon in eight, and to proximal intracranial vessels in seven. In 
17 patients, later films showed advance of the contrast. In four 
it did not get beyond the foramen lacerum; in eight it reached 
the siphon, and in five the proximal intracranial vessels. Eight 
angiograms of patients with intracranial occlusion were exam- 
ined and showed identical appearances. Contrast opacified the 
middle meningeal artery in 29 of the 31 pseudoocclusion cases. 
The circulation time was slow in 28. Circulation times through 
the middle meningeal artery were more or less identical with 
those in the superficial temporal arteries and unaffected by 
systolic blood pressure. Twenty-three of the pseudoocclusion 
cases were being ventilated and 25 had fixed dilated pupils. The 
commonest etiological factors were trauma, hematoma due to 
ruptured aneurysm and primary tumour. In the occlusion group 
no case was being ventilated and only one had fixed dilated 
pupils. Course of action is suggested. 


Author Abstract 


Descending tentorial herniation: findings on computed tomog- 
raphy. Stovring J (University of New Mexico, Albuquerque, New 
Mexico 87131). Neuroradiology 14:101-105, Dec. 14, 1977 


The author describes six characteristic CT findings associ- 
ated with descending tentorial herniation. The earliest finding is 
encroachment upon the lateral aspect of the suprasellar cistern. 
On the CT scan this is recognized as amputation of the lateral 
point of the five pointed suprasellar cistern and indicates medial 
displacement of the uncus. This is regarded as impending 
tentorial herniation. The next finding is ipsilateral widening of 
the crural, ambient, and lateral pontine cisterns usually associ- 
ated with rotation of the brain stem. These findings indicate 
transtentorial herniation has occurred and the brain stem has 
been shifted to the opposite side. Tilting of the quadrageminal 
cistern on CT scan is evidence of brain stem rotation. 

With more advanced stages of herniation there will be com- 
plete effacement of the cisternal spaces at the tentorial level. 
This includes the suprasellar cistern, the perimesencephalic 
cisterns, and may include narrowing of the cistern of the great 
vein of Galen. Dilatation of the contralateral temporal horn is 
CT evidence of descending tentorial herniation with obstruction 
of the aquaduct due to compression of the mesencephalon. 
This finding can be associated with effacement of the cisternal 
spaces or the less advanced stage of ipsilateral cisternal dilata- 
tion. Diffuse hydrocephalus does not occur because of the 
usually large supratentorial mass associated with descending 
tentorial herniation. Contralateral temporal horn dilatation is 
usually associated clinically with a dilated fixed pupil in acute 
conditions and with papilledema in chronic herniations. Trans- 
tentorial herniation can be complicated by ipsilateral compres- 
sion of the posterior cerebral artery over the free margin of the 
tentorium resulting in occipital lobe infarction and CT changes 
in the ipsilateral occipital pole. The most difficult CT assessment 
in the standard cross-sectional format is that of downward axial 
displacement of the brain stem. Downward displacement can 
be inferred if the basilar artery is visualized at a lower level than 
usual. 


© Paul M. Chikos 


Computed-tomography of bilateral isodense chronic subdural 
hematomas. Marcu H, Becker H. (Clinics of Johann Wolfgang 
Goethe University, Schleusenweg 2-16, D-6000 Frankfurt am 
Main 71, Federal Republic of Germany). Neuroradiology 14:81- 
83, Sept. 30, 1977 





1208 


A characteristic CT appearance of bilateral parietal isodense 
subdural hematomas confirmed by angiography and operation 
in five patients is presented. There was no midline shift or 
density difference. However, the bodies and trigone region of 
the lateral ventricles were small. In addition, the anterior horns 
of the lateral ventricles were close together and sharply pointed 
which the authors termed the "hare's ears sign." No contrast 
enhancement was seen in the one case in which contrast was 
employed. This pattern of ventricular distortion appeared to be 
characteristic of the biparietal location and was seen with acute 
hematomas and metastasis. This CT appearance was not seen 
with bilateral hematomas which were not predominately in the 
parietal location, nor was it seen in any normal CT scans with a 
total experience of 7,000 head scans. 


Paul M. Chikos 


The glabella-inion line as a baseline for CT scanning of the 
brain. Tokunaga A, Takase M, Otani K (Chiba University, 1-8-1 
Inohana, Chiba 280, Japan). Neuroradiology 14:67-71, Sept. 
30, 1977 


The authors recommend use of a line connecting the anterior 
tip of the glabella, the smooth area of the frontal bone between 
the supraciliary arches, and the midpoint of the base of the 
inion or external occipital protuberance as the baseline for 
cranial CT scanning. By roentgencraniometry, this glabella- 
inion line was found to be parallel to the frontal-occipital pole 
line in adult skulls of both sexes with an angle of inclination 
ranging from 176.8" to 182.7". On the other hand, the measured 
angle of inclination between Reid's baseline and the glabella- 
inion line varied between 16.7 and 1.1°; the mean angle of 
inclination also showed a statistically significant difference at 
the .05 level between sexes. The angle of inclination between 
the canthomeatal line and the glabella-inion line was also quite 
variable ranging between 175.8" and 189.8" and again the mean 
angle was significantly different between men and women. The 
authors conclude that the use of the glabella-inion baseline 
would permit more precise localization, a more meaningful 
comparison between individuals, and better CT pathologic 
correlation. 


Paul M. Chikos 


Atlas of the human brain for computed tomography based on 
the glabella-inion line. Takase M, Tokunaga A, Otani K, Horie T 
(Chiba University 1-8-1 Inohana, Chiba 280, Japan). Neurora- 
diology 14:73-79, Sept. 30, 1978 


The authors compare two adult brains serially sectioned at 8 
mm intervals to corresponding CT scans performed on two 
other adults. One series was prepared using the glabella-inion 
baseline while in the other series the baseline selected was 
inclined 15° to the glabella-inion line. The anatomic specimens 
are well labeled and of superior quality. In the series using the 
glabella-inion baseline the correlation between anatomic speci- 
men and CT scan was not exact at the level of the pons which 
the authors related to a variable angle of intersection between 
the glabella-inion line and long axis of the brain stem. 


Paul M. Chikos 


Clinical and radiographic considerations of sacrococcygeal 
teratomas: an analysis of 26 new cases and review of the 
literature. Schey WL, Shkolnik A, White H (Michael Reese 
Hospital and Medical Center, 2929 South Ellis Avenue, Chicago, 
Illinois 60616). Radiology 125:189-195, Ogt 1977 


Sacrococcygeal teratomas are divided into four types: type 
1 = mostly external and vascular; type 2 = intra- and extrapelvic 
components with displacement of pelvic structures; type3 — a 
larger intrapelvic component; type 4 — presacral with no exter- 
nal extension. Sacrococcygeal teratomas are more frequent in 
females at a ratio of 4:1; malignancy is more frequent in males. 


ABSTRACTS 


Malignancy is more common in solid as compared with cystic 
lesions, uncalcified as compared with calcified lesions. Beyond 
neonatal age group, incidence of malignancy is higher. Differ- 
ential diagnosis includes meningomyelocele, lymphangioma, 
hemangioma, lipoma; presacral mass differential diagnosis in- 
cludes neuroblastoma, abscess, chordoma, rectal duplication, 
and anterior meningocele. These tumors are poorly responsive 
to chemotherapy and radiation therapy. Surgery is treatment of 
choice for both the benign and malignant forms. 


Asher Nov 


Indications for contrast medium enhancement in computed 
tomography of the brain. Barrington NA, Lewtas NA (Sheffield 
Royal Infirmary, Sheffield, England). Clin Radiol 28:535-537, 
1977 


The use of contrast medium enhancement in computed 
tomography almost doubles the duration of each examination. 
As the clinical demand is far greater than the scanning time 
available, it is desirable to use contrast medium with discrimi- 
nation. The following indications are suggested for extended 
examinations with contrast: (1) lesions shown by alternative 
neuroradiological investigations; (2) local abnormality shown 
on plain scan; (3) suspected posterior fossa lesions; (4) sus- 
pected suprasellar lesions. 

In a retrospective review of 3,000 patient examinations, 430 
patients falling outside the above criteria had been given con- 
trast medium. In only one patient in this latter group was an 
abnormality shown after contrast enhancement. In the other 
429 patients, no additional information was obtained. These 
figures support the indications suggested for the use of contrast 
enhancement. 


Author Abstract 


Computed tomography in the evaluation of herpes simplex 
encephalitis. Dublin AB, Merten DF (UCD Professional Build- 
ing, 4301 X Street, Sacramento, California 95817). Radiology 
125:133-134, Oct 1977 


Herpes simplex virus type 2 (HVH2) infection in the newborn 
can be acquired transplacentally or during delivery. Intrauterine 
infection is known to cause microcephaly, microthalmia, retinal 
dysplasia, and intracranial calcification. There are several other 
causes of intracranial calcification in this age group. In cyto- 
megalic inclusion disease, calcifications are subependymal but 
may be found in cortical or subcortical white matter. Toxoplas- 
mosis calcifications are evenly distributed and may appear 
periventricular due to compressed brain matter caused by 
hydrocephalus. Calcifications of rubella and HVH2 are distrib- 
uted throughout the brain and, similar to toxoplasmosis, may 
have periventricular distribution caused by hydrocephalus com- 
pressing the brain matter. 

This case report describes twins with a single placenta and 
separate amniotic sacs and umbilical cords delivered at 29.5 
weeks. One of the twins succumbed to herpetic sequela while 
the other sibling is symptom-free at 1 year of age. Both his plain 
films and CT scans show no signs of calcifications or other 
abnormalities. 


Asher Nov 


Pediatric Radiology 


Wegener's granulomatosis in the pediatric age group. Or- 
lowski JP, Clough JD, Dyment PG (Cleveland Clinic Foundation, 
9500 Euclid Avenue, Cleveland, Ohio 44106). Pediatrics 61:83- 
90, 1978 


Six cases of Wegener's granulomatosis occurring in patients 
younger than 21 years are described. Only 11 other cases in the 
pediatric age group have been reported, and all 17 of these 
patients had the onset of the disease during the second decade 
of life. Wegener's granulomatosis is a systemic disease charac- 
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terized by a clinical triad of paranasal sinus and nasal mucosa 
involvement, pulmonary infiltration and cavitation, and renal 
disease with hematuria. The most common presenting symp- 
toms are malaise and fever, sinusitis, epistaxis, and hematuria. 
Most patients have radiographic evidence of pulmonary and 
sinus disease and laboratory evidence of renal involvement on 
initial evaluation. The prognosis of Wegener's granulomatosis 
was formerly dismal; more than 90% of patients died in less 
than 2 years, but with recent therapeutic regimens, more than 
5096 of these patients are surviving. The treatment we recom- 
mend consists of nitrogen mustard with adrenocorticotropic 
hormone or prednisone for the induction of remission, followed 
by cyclophosphamide and prednisone as maintenance drugs. 
This regimen has proved effective in inducing a remission in 
four of four patients. 


Author Abstract 


Pelvic osteomyelitis in children. Edwards MS, Baker CJ, Gran- 
berry M, Barrett FF (1200 Moursund Avenue, Houston, Texas 
77030). Pediatrics 61:62-67, 1978 


Osteomyelitis of the pelvic bones is reported in six children 7 
to 16 years of age, all of whom presented with fever and 
abnormal gait. Staphylococcus aureus was isolated from blood 
and/or bone in four patients. Initial radiographs showed only 
soft tissue changes in five patients, manifest as deep soft tissue 
swelling and loss of normal soft tissue planes. Intravenous 
pyelography was performed in four patients and in each, the 
position of the bladder was abnormal due to extrinsic soft tissue 
swelling. Bone changes were present on the initial x-ray in only 
one patient but subsequent films showed changes typical of 
osteomyelitis in four patients, 10 days to 10 weeks after the 
onset of symptoms. 


B. J. Wood 


Sagittal diameter measurements of the bony cervical spinal 
canal in children. Maruske H (Kinderpoliklinik, DDR-7543 Lub- 
benau, German Democratic Republic). Pediatr Radiol 6:129- 
131, 1977 


Measurements of the sagittal diameter of the cervical spine 
with mean and standard deviation were determined in 120 
normal children, 3 to 14 years of age on standing lateral films at 
150 cm distance with the neck in the neutral position. A 
progressive increase in width was seen with age and with the 
height of the child. The diameter decreased from C.1 to C.3 and 
then remained nearly the same in the lower cervical spine. No 
statistically significant differences were found between males 
and females. Tables of normal values are given. 


B. J. Wood 


Respiratory arrest in infants secondary to gastroesophageal 
reflux. Leape LL, Holder TM, Franklin JD, Amoury RA, Ashcraft 
KW. (Boston Floating Hospital, 20 Ash Street, Boston, Massa- 
chusetts 02111). Pediatrics 60:924-927, 1977 


Gastroesophageal reflux, although usually of no great signif- 
icance, may be responsible for failure to thrive, anemia, and 
recurrent pneumonia. The authors report 10 infants with epi- 
sodes of respiratory arrest which were thought to be associated 
with gastroesophageal reflux. Five had no history of vomiting or 
regurgitation before the first episode. Six patients had fundopli- 
cation and none had further spells. Gross aspiration was absent 
in most of the patients and the mechanism of the arrest is 
suggested to be either laryngospasm or a reflex central apnea. 
The authors raise the possibility that gastroesophageal reflux 
may be the mechanism in some of the sudden infant death 
syndrome, the respiratory arrest resulting from the reflux pro- 
gressing to cardiac arrest. Surgical repair is suggested in all 
patients with episodes of respiratory arrest secondary to gas- 
troesophageal reflux. 


B. J. Wood 
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Renal vein thrombosis: a cause of intrarenal calcification in 
the newborn. Brill PW, Mitty HA, Strauss L (New York Hospital- 
Cornell Medical Center, 525 East 68th Street, New York, New 
York 10021). Pediatr Radiol 6:172-175, 1977 


Renal vein thrombosis with characteristic intrarenal lace-like 
calcifications on the abdominal radiographs is reported in a 33- 
week gestation 900 g female whose mother had systemic lupus 
erythematosis and was on daily steroids. The infant died at age 
68 hr due to necrotizing enterocolitis and pulmonary hemor- 
rhage. Radiographs and xeroradiographs of the left kidney after 
death showed calcification corresponding to vascular struc- 
tures within the kidney. The renal vein contained a calcified 
thrombus. This lacy calcification is felt characteristic of renal 
vein thrombosis. 


B. J. Wood 


Value of preoperative chest x-ray examinations in children. 
sane SM, Worsing RA, Wiens CW, Sharma RK (Minneapolis 
Children's Health Center, 2525 Chicago Avenue South, Minne- 
apolis, Minnesota 55405). Pediatrics 60:669-672, Nov 1977 


In a prospective study of preoperative posteroanterior and 
lateral chest radiographs on 1,500 pediatric patients, 1974- 
1975, the authors found one or more abnormality in 7.596 of the 
patients. The abnormalities were medically significant and un- 
suspected in 4.7% and included pneumonia and/or atelectasis, 
mediastinal masses, scoliosis, and cardiovascular abnormali- 
ties. From the study, the authors conclude that routine preop- 
erative chest films in children are justified. 


B. J. Wood 


Acute epitrochlear lymphadenitis. Currarino G (Children's 
Medical Center, University of Texas, Southwestern Medical 
School, 1935 Amelia Street, Dallas, Texas 75235). Pediatr Radiol 
6:160-163, 1977 


Fifteen children from 9 months to 12 years of age presented 
with poorly defined tender swelling of the soft tissues of the 
epitrochlear region due to acute suppurative infection of the 
epitrochlear lymph nodes. Fluctuation occurred within 1-2 
weeks in most and complete healing resulted. X-rays early in 
the disease in some cases showed ill-defined nodules of in- 
creased density in the subcutaneous tissue, while in others, 
there was a more extensive soft-tissue swelling above and 
below the elbow joint. A mild periosteal reaction was seen in 
the distal humerus in two patients. The differential diagnosis 
from osteomyelitis and septic arthritis is discussed. 


B. J. Wood 


Miscellaneous 


Mammographic screening for breast cancer by lateral view 
only. Is it practical? Moskowitz M, Libshitz HI (University of 
Cincinnati Medical Center, Cincinnati, Ohio). J Can Assoc 
Radiol 28:259-261, Dec 1977 


The authors reviewed xeromammograms from 150 patients in 
an attempt to determine whether dose reduction could be 
maximized by restricting the number of exposures obtained to 
one, namely a lateral view. 

Their experience indicates that a true positive rate of 8096 
could be achieved if the examination was only comprised of a 
lateral image. They believe that the projected savings in X-ray 
exposure does not offset the losses due to significant lesions 
missed by this single exposure screening method. 


d Jack M. Tishler 


Effect of lithium on neutrophil mass and production. Rothstein 
G, Clarkson DR, Larsen W, Grosser BI, Athens JW (University of 
Utah College of Medicine, Salt Lake City, Utah 84132). N Engl J 
Med 298:178-180, Jan 26, 1978 
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Lithium carbonate, commonly used to treat depression, has 
been found to elevate the blood neutrophil count in most 
patients. This interesting report concerns measurements of the 
blood neutrophil mass and neutrophil production rates for a 
group of 12 patients on lithium. The investigators observed that 
lithium raised the total blood neutrophil pool, both the circulat- 
ing and marginal neutrophil pools, and significantly increased 
the rate of neutrophil production. Lithium did not prolong the 
blood neutrophil half-life or appear to impair the migration of 
neutrophils from the blood into a cutaneous site of inflamma- 
tion. 

This study, along with other recent investigations (cf. Stein 
RS, N Engl J Med 297 : 427, 1977), suggests that lithium may be 
useful to enhance neutrophil production, both in individuals 
with marrow failure from a variety of hematologic diseases and 
in patients undergoing intensive chemotherapy. 

David C. Dale 
Department of Medicine 
University of Washington 


New indications for extended carboxyangiography. Bendib M, 
Toumi M, Boujellab A (Mustapha University Hospital Center, 
Algiers, Algeria). J Radiol Electro! Med Nucl 68:573-586, Oct 
1977 


Carboxyangiography as developed and used by the authors 
is an extension of the already established technique used in the 
examination of the right cardiac atrium. Doses are 200 ml for an 
adult and 4-5 ml/kg body weight for a child. With the patient in 
the left lateral decubitus position, the gas flows upwards 
counter to the normal flow of venous blood, readily outlining 
the veins in the organs or areas to be examined. This results in 
clear delineation of certain thoracic and abdominal veins with 
predictable visualization of the superior and inferior vena cava, 
the hepatic veins, especially the suprahepatic veins and the 
renal veins. It is especially valuable in the study of portocaval 
and spleno-renal anastomosis, and in postoperative follow-up 
in portal hypertension. Chief indications of this method are in 
the examination of the superior and inferior vena cava, in the 
demonstration of encapsulated right diaphragmatic pleurisy, 
differentiating it from subphrenic pathology, and in determining 
the degree of pleural thickening in pachypleuritis at the base of 
the right lung. Its further indications are in such liver diseases 
as the Budd-Chiari Syndrome, space occupying lesions of the 
liver, especially in the superior portion of the liver (e.g. hydatid 
cyst, a parasitic disease of frequent occurrence in Algiers) in 
abscesses and malignant disease. 

The gas filled vena cava and the veins in the organs under 
examination may be compressed, deformed or distorted, de- 
flected or displaced, due to compression by these space occu- 
pying masses. In a series of 1,611 cases examined by this 
method there were no adverse reactions. Only a mild coughing 
spell of short duration was experienced by four patients. 


William H. Shehadi 


Contrast nasopharyngography. Tada S, Kino M, Yamamoto W, 
Harada J, Kanehira C, Gomi M (Jikei University School of 
Medicine, Nishishimbashi, Minato, Tokyo, Japan). Clin Radiol 
28:659-662, Nov 1977 


Contrast nasopharyngography was performed in 25 cases of 
nasopharyngeal lesions, 15 of which were carcinoma, six malig- 
nant lymphoma, and four benign lesions including neurofi- 
broma, hemangioma, angiofibroma, and tuberculosis. Naso- 
pharyngography was also performed in 22 cases with extrana- 
sopharyngeal lesions, including nine of Read and neck malig- 
nant lymphoma and 13 of tumors originating in adjacent organs. 
To describe the extent and site of the tumor, the nasopharyn- 
geal walls were labelled segment 1 to 15 on axial and lateral 
views. The lateral skull films were negative in five of eight small 
malignancies involving no more than five wall segments, and 
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also negative in six of 10 cases of unilateral involvement. Small 
lesions involving the unilateral fossa of Rosenmueller and/or 
the superolateral wall were frequently undetected. Nasophar- 
yngography is indicated in cases where clinical suspicions of a 
lesion remain after a normal straight film. When malignancies 
were treated with radiation therapy a preirradiation nasophar- 
yngogram clearly depicted the site and extent of the disease, 
and a postirradiation study showed a marked shrinkage of the 
tumor mass and/or markedly improved raggedness of the wall 
of the nasopharynx. Four benign lesions showed large space- 
occupying lesions. In the case of tuberculosis, for example, the 
nasopharyngeal cavity was totally obliterated by the granuloma- 
tous tissue. In nine cases of malignant lymphoma involving the 
neck nodes or the palatine tonsil, the nasopharyngogram was 
normal. 


Author Abstract 


Ultrasonics 


Renal carbuncle: the use of ultrasound in its diagnosis and 
treatment. Goldman SM, Minkin SD, et al. (Sinai Hospital of 
Baltimore, Baltimore, Maryland). J Uro/ 118:525-528, Oct 1977 


The use of ultrasound in the diagnostic and therapeutic 
management of five patients with renal abscesses is described. 
A spectrum of ultrasonic findings was noted, with the majority 
of the lesions being anechoic (three cases). However, a few 
lesions showed a mixed pattern (two cases). Ultrasonic aspira- 
tion of abscess fluid for culture and sensitivity obviated an 
operation in one case. For the first time, ultrasonically guided, 
percutaneous, indwelling catheter drainage of a renal carbuncle 
is reported. Since the patient had failed to respond to systemic 
antibiotic therapy this technique saved the patient from un- 
dergoing surgery. The clinical and ultrasonic findings in the six 
previous case reports of abscesses are reviewed. 


Author Abstract 


Diagnostic ultrasound in the evaluation of scrotal masses. 
Gottesman JE, Sample WF, Skinner DG, Ehrlich RM. (University 
of California, Los Angeles, California). J Urol 118:601-603, Oct 
1977 


A total of 27 patients with scrotal masses were evaluated with 
gray scale ultrasound and 5 MHz transducer by skin-contact- 
scanning. By determining the location and the echo patterns of 
the scrotal lesions, diagnosis may be deduced. The accuracy 
rate of this technique, given a complete clinical history, was 
found to be 96% in this series. 


John W. Li 


Sonography in the diagnosis of retroperitoneal fibrosis. 
Sanders RC, Duffy T, McLoughlin MG, Walsh PC. (Johns Hop- 
kins Hospital, Baltimore, Maryland). J Urol 118:944-946, Dec 
1977 


The ultrasonic appearance of retroperitoneal fibrosis is char- 
acteristic: a smooth-bordered and relatively echo-free mass 
anterior to the sacral promontory. Sonography can be used to 
confirm the diagnosis, follow response to therapy, and detect 
hydronephrotic changes in the kidneys. 


Author Abstract 


The spectrum of intervertebral disc-space infection in chil- 
dren. Wenger DR, Bobechko WP, Gilday DL (Hospital for Sick 
Children, Ontario, Canada). J Bone Joint Surg [Am] 60:100- 
108, Jan 1978 


The authors found that *""Tc polyphosphate bone-scanning 
proved to be the most effective method of establishing an early 
diagnosis of infection of intervertebral disc-space infection. 
Disc-space infection in children is secondary to vertebral body 
osteomyelitis. The authors believe bone scanning was of partic- 
ular use in young children who are unable to localize their 
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symptoms and have minimal or no radiographic findings. The 
use of a pinhole collimator for spot views provided greater 
diagnostic details. The spectrum presenting complaints was 
extensive varying from abdominal pain to difficulty in walking 
or standing as well as routine back pain. Since only a small 
percentage of patients had definite disc-space narrowing on 
admission by routine radiographic techniques the authors be- 
lieve that the isotopic scan enabled the most rapid confirmation 
of the diagnosis. 


Gerald R. Smith 


Radiation Oncology 


The value of supraclavicular area treatment in radiotherapeu- 
tic management of lung cancer. Emami B, Ding JJ, Munzen- 
rider JE (Tufts-New England Medical Center, Boston, Massa- 
chusetts 02111). Cancer 41:124-129, Jan 1978 


A total of 295 patients irradiated for lung cancer from January 
1970 through June 1975 form the basis for this retrospective 
series. The incidence of supraclavicular node involvement 
based upon histology of the primary tumor showed no statisti- 
cally significant difference. Of patients with positive supracla- 
vicular nodes, 8996 had hilar or mediastinal node involvement at 
presentation. Local control of supraclavicular nodes was ob- 
tained in 96% (26/27). The supraclavicular node region was 
treated electively in 79 patients, only one of whom subsequently 
developed disease in that area versus 1496 (21/153) in the 
"control" group not receiving elective irradiation. The authors 
suggest elective supraclavicular irradiation in patients with hilar 
and/or mediastinal nodal involvement irrespective of histology. 


Herbert C. Berry 


Radiation-induced carotid artery disease. Silverberg GD, Britt 
RH, Goffinet DR (Stanford University Medical Center, 300 Pas- 
teur Drive, Stanford, California 94305). Cancer 41:130-137, 
Jan 1978 


Atherosclerotic carotid artery disease associated with neck 
irradiation in nine patients is compared with that in 40 unirra- 
diated "control" patients. Patients who had radical neck surgery 
as part of their tumor treatment or patients whose carotids were 
encased by tumor were excluded. Two patients received ortho- 
voltage irradition (one of whom received a skin exposure of 
12,000 R) the others receiving supervoltage irradiation in doses 
from 4,290 rads to 5,650 rads. The most common symptom in 
both the treatment and control groups was amaurosis fugax. 
On arteriography, eight of the nine irradiated subjects had 
atherosclerotic changes limited to their field of irradiation. 
Fourteen of the 40 "control" group had one or two vessel 
disease (p = 0.007). The most significant disease was seen in 
the patient receiving an exposure of 12,000 R orthovoltage. At 
surgery, the study patients appeared to have some increase in 
periarterial fibrous material but there was no attendent increase 
in mortality. The possibility of ultrasonic vascular imaging as a 
screening technique for patients whom have received therapeu- 
tic neck irradiation is mentioned. 


Herbert C. Berry 
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Preliminary clinical results of combined 433 megahertz micro- 
wave therapy and radiation therapy on patients with advanced 
cancer. Hornback BT, Shupe RE, Shidnia H, Joe BT, Sayoc E, 
Marshall C (Indiana University School of Medicine, 1100 West 
Michigan Street, Indianapolis, Indiana 46202). Cancer 40:2854- 
2863, Dec 1977 


The authors describe preliminary treatment results in 70 
patients treated with 20 min of localized microwave irradiation 
(433.92 MHz) followed by supervoltage irradiation (3,000-6,000 
rads). Of the initial 21 patients so treated (F/U minimum 9 mo), 
20 completed the planned course of treatment, 90% experienc- 
ing complete relief of symptoms. Complete regression of all 
tumor was reported in 80% in the treated area. The authors have 
initiated a randomized series involving previously untreated 
patients with late stages of head and neck and gynecological 
malignancies as a result of this study. 


Herbert C. Berry 


Results of integrated management of supraglottic carcinoma. 
Fu KK, Eisenberg L, Dedo HH, Phillips TI (University of Califor- 
nia, 330 Moffitt Hospital, San Francisco, California 94143). 
Cancer 40:2874-2881, Dec 1977 


One hundred seventy-three patients treated with surgery, 
definitive irradiation, or a combined approach for supraglottic 
carcinoma are described. Irradiation alone (6,000-7,000 rads) 
or surgery alone was used in Stage | and Il disease, the 
combined approach (4,500-5,400 rads) for resectable Stage lll 
and IV disease and irradiation alone for resectable advanced 
disease. Determinate survivals at 5 years were 86% (I). 100% (Il), 
57% (IIl), and 12% (IV). Early T1 lesions had primary control in 
9296, with 9296 control in the moderately advanced lesions 
treated with the combined approach. The overall control rate 
was 73% (127/173). No disease recurred in the radically dis- 
sected neck which received preoperative irradiation. Of the 
patients, 24% had a second primary cancer. Specific recom- 
mendations, by substage, are made. 


Herbert C. Berry 


Carcinoma of the major and minor salivary glands. Fu KK, 
Leibel SA, Levine ML, Friedlander LM, Boles R, Phillips TL 
(University of California, 330 Moffitt, San Francisco, California 
94143). Cancer 40:2882-2890, Dec 1977 


The authors retrospectively review treatment results of 100 
patients with malignant epithelial tumors of major and minor 
salivary glands. No significant difference in local control was 
evident between patients treated with total and those treated 
with partial parotidectomy (77% versus 70%). The best local 
control (86%) was seen in those patients treated with surgery 
followed by postoperative radiotherapy for gross or microscopic 
residual disease versus 5496 local control in a similar group 
without postoperative irradiation. The results of irradiation did 
not suggest any significant difference in radiation response 
between the different histologic types of malignant salivary 
gland tumors. The authors feel that postoperative radiotherapy 
should be considered for advanced local disease and tumors 
with unfavorable histologies such as high grade mucoepider- 
moid carcinomas and adenocarcinoma, adenoid cystic, and 
undifferentiated carcinomas. 


Herbert C. Berry 
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Atlas of Endoscopic Retrograde Cholangiopancreatography. Edited by E. T. Stewart, J. A. Vennes, and J. E. 


Geenen. St. Louis: Mosby, 366 pp., 1977. $45 


This atlas is the result of a well balanced team approach by 
gastroenterologists and radiologists. The three editors and 14 
coauthors bring together a wealth of clinical-radiologic material 
and technical expertise. The book consists of 86 pages of text 
and 269 pages of radiographs with chapters on indications, 
technique, complications, normal and variant ductal anatomy, 
benign and malignant conditions of the biliary and pancreatic 
ductal system, and even on endoscopic papillotomy. These 
chapters precede illustrative case studies, each of which in- 
cludes clinical information, one or more well reproduced and 
clearly labeled radiographs, a description of the x-ray findings, 
and in most cases a helpful and instructive comment. 

This book is practically oriented and therefore invaluable to 
the endoscopist and radiologist who perform endoscopic retro- 
grade cholangiopancreatography. Important technical factors 
are pointed out regarding the filling and filming phases to 
guarantee an interpretable picture with a minimum risk to the 
patient and a minimum of artefacts and obstructions to the view 
of an anatomic structure. Crucial points are also made about 
positioning the patient, adequate filling of the ductal system, 
fast recognition of a stricture or pseudocyst so that the injection 
may be stopped, compression of the main pancreatic duct over 
the spine in a prone position, recognition of an unfused duct of 
Wirsung before acinarization, visualization of the precise loca- 
tion of the papilla and distal pancreatic duct, significant artifacts 
in the biliary tree secondary to the streaming effect of the 
contrast material, and many other technical factors. 

On the interpretive side, a broad range of normal variations, 
as well as the most commonly encountered conditions are well 
presented radiographically. Many parameters extracted from a 
thorough review of the literature are condensed into tables 
(e.g., caliber and length of the normal pancreatic duct and 
ERCP findings in carcinoma of the pancreas). Also of help to 


the radiologist are drawings schematizing the interdependence 
of the patient's position and radiographic appearance during 
the retrograde filling of the biliary tree and the ERCP patterns 
seen with carcinoma of the pancreas. Most valuable, however, 
is the impressive number and variety of cases presented. It is of 
great instructional value that this collection includes and points 
out patients who were misdiagnosed and/or died secondary to 
the procedure. Also the occasional need for an additional 
transhepatic cholangiogram is shown. Noteworthy is the col- 
lection of cases of sclerosing cholangitis. | was especially 
impressed by the well written chapter on endoscopic technique, 
which reflects experience and meticulous attention to small 
detail. 

If any criticism can be leveled against the book, it is that it is 
not a complete compendium of pathologic processes affecting 
the two ductal systems; however, as the authors indicate in 
their preface, this was not their intention. Some important 
entities which must be differentiated from other diseases de- 
picted in the book are absent, such as an intrahepatic bile duct 
carcinoma of the hilum (Klatskin tumor) for comparison with 
sclerosing cholangitis. The radiologic-pathologic correlation is 
relatively complete, but histologic confirmation is needed in 
some important cases. 

Overall, this atlas will prove valuable to anyone desiring a 
broad general introduction to the method, application, and 
radiography in endoscopic retrograde cholangiopancreatogra- 
phy. It will also appeal to the experienced radiologist or endos- 
copist who wishes to compare his experience with others. 


Hans-Udo Jüttner 

University of Southern California 
Rancho Los Amigos Hospital 
Los Angeles, California 


Ultrasonography in Obstetrics and Gynecology. By J. C. Hobbins and F. Winsberg. Baltimore: Williams & Wilkins, 


174 pp., 1977. $21 


This slender volume would make an invaluable addition to 
every diagnostic ultrasound facility that performs obstetrical/ 
gynecological examinations. It covers topics ranging from the 
obligatory "brief introduction to scanning" to fetoscopy and 
fetal blood sampling. Of particular value is an excellent appen- 
dix of charts and tables included to help the examiner determine 
fetal age and weight. Because there are only two authors, the 
presentation remains relatively constant, which is a refreshing 
change from the multiauthored many-styled texts so prevalent 
today. 

Writing style is not the only constant found in this work. 
There is another theme that is repeated — the advantages of real- 
time scanning. The word real-time is found on almost every 
other page, and the authors continually urge the reader to make 
use of this modality. ° 

The book is arranged in eight chapters: the introduction, one 
on gynecology, and six on obstetrics. This arrangement is not 
as lopsided as it might seem because gynecological problems 
of pregnancy are covered in the obstetrical chapters. The 
section on estimation of gestational age is particularly valuable 


for its description on how to measure biparietal diameters, the 
difficulties encountered, and clinical cautions. The question of 
the value of these measurements in assessing intrauterine 
growth is, however, deferred to the chapter on abnormal growth 
and development in which additional parameters and their 
relative significance are discussed. 

Photographs with accompanying labeled drawings are dis- 
tributed throughout the book and are extremely helpful. Also, 
the dull finish of the paper reduces eye strain. The extremely 
wide margins make this a handsome book and may be useful 
for marginal notes, but, in our present era of shortages, are 
extremely wasteful of paper. In chapter 5, the legends of figures 
15b and 16 are reversed, and consequently, the text on page 89 
also needs correcting. These minor criticisms aside, this volume 
makes a good evening of reading and an excellent reference 
work. 

Suzanne H. Conrad 
Obstetrics and Gynecology 
University Hospital 
Seattle, Washington 98195 
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Doppler Ultrasonic Assessment of Venous Disease. Doppler Ultrasonic Assessment of Peripheral Arterial Disease. 
Doppler Ultrasonic Assessment of Cerebrovascular Disease. (Programmed texts and casette tapes.) Audiovisual 
texts by R. W. Barnes, H. E. Russell, and M. R. Wilson. lowa City: University of lowa Press, 251 pp., 296 pp., and 196 


pp., respectively, 1976. 


Transcutaneous Doppler ultrasound flow detection technique 
has now assumed a significant role in the diagnosis of patients 
with cerebral vascular insufficiency, occlusion of peripheral 
arteries, and acute and chronic deep vein thrombosis. Barnes 
and his colleagues are to be congratulated on a timely contri- 
bution to this rapidly expanding field of noninvasive testing. 

Three sections include examination of the limb arteries, the 
supraorbital flow detection technique in carotid artery stenosis, 
and venous thrombosis. Ample examples are given in a pro- 
grammed manner to lead the reader through various diagnostic 
problems. One of the unique features of this book is the 
provision of sound tapes to coordinate with the text. The sound 
tapes are most informative and are a must for those who are 
beginners in the use of Doppler ultrasound to interpret the 
audible signals in arterial and venous disorders. The stepwise 


teaching materials provide valuable information on ankle sys- 
tolic pressure measurement and its clinical applications, the 
meaning of directional flow, and, finally, the various maneuvers 
in the diagnosis of carotid artery stenosis and venous problems. 
This expertly prepared text is basic for those who are inter- 
ested in the use of Doppler ultrasound in the diagnosis and 
management of patients with vascular problems. This set is 
highly recommended for noninvasive vascular technologists, 
physicians, or vascular surgeons interested in establishing a 
vascular laboratory. 
James S. T. Yao 
Blood Flow Laboratory 
Northwestern University 
Chicago, Illinois 60611 


Pediatric Echocardiography. Edited by R. A. Meyer. Philadelphia: Lea & Febiger, 303 pp., 1977. $17 


Meyer has prepared an excellent reference book for physi- 
cians and technicians involved in echocardiography of patients 
with congenital heart disease. It is a thorough and clear pres- 
entation of the subject and is highly recommended to anyone 
concerned with this specialty. While no book may substitute for 
practical experience, this text is an excellent introduction to the 
technical principles of echocardiography, normal and abnormal 
anatomy, and clinical pathology. Russell L. Uphoff has prepared 
two excellent chapters on the principles and instrumentation of 
ultrasound as they pertain to echocardiography. His many years 
of experience in the field and his depth of understanding are 
manifested by the clarity of his presentation of these basic 
concepts. Any student in this field would find these chapters 
rewarding reading. Following a short chapter on the biological 
effects of ultrasound, Meyer then discusses his approach to the 
pediatric patient, reviews the technical considerations associ- 
ated with the examination, and presents the appearance of the 


normal anatomy. The remaining chapters present in a clinical 
context the fundamentals of pediatric cardiography. There are 
chapters devoted to the clinically ill neonate, aortic override, 
right and left ventricular volume overload, ventricular outflow 
and inflow obstruction, and cardiac malposition. Throughout 
the book text is accompanied by excellent illustrations and 
documented by extensive references. Although Meyer closes 
with brief mention of the advent of two-dimensional echocar- 
diography, developments in this important field are too recent 
to be included in this edition. 

This book is highly recommended as an excellent reference 
to physicians and technicians dealing with pediatric echocar- 
diography. 

Donald L. King 
Columbia-Presbyterian Medical Center 
New York, New York 10032 


Computerized Cranial Tomography. Edited by B. Felson. New York: Grune & Stratton, 46 pp., 1977. $18.50 


If you subscribe to Seminars in Roentgenology, you already 
have this book. This volume is a hardcover text containing the 
sections on computed cranial tomography of volume 12, nos. 1 
and 2, of the Seminars published in 1977. Written in the style 
that has made the seminars so popular, it consists of numerous 
contributions by many well known authors, each presenting 
their current concepts in performing and interpreting cranial 
computed tomography. Faltering only in its omission of inflam- 
matory lesions, all other pathologic entities are presented in 
precise detail. The gamut includes a comprehensive review of 


history, physics, and normal cranial computed tomographic 

anatomy. Included also are excellent sections on congenital 
abnormalities, trauma, vascular lesions, and tumors. 

This book is a one evening introductory text that will serve as 

a foundation on which to add the many new findings which are 

sure to come in this field. 

A. James Gerlock, Jr. 

Vanderbilt University Hospital 

Nashville, Tennessee 37232 


Environmental Radiation Measurements. NCRP 50. Washington, D. C.: National Council on Radiation Protection 


and Measurements, 240 pp., 1976. $5.00 


This report follows the standard NCRP format. However, this 
volume, with more than 500 references, represents an even 
fuller, unified, and systematic review of the subject than is 
usual, even in this series. 

Topics include natural and man-made environmental radio- 
active activity and radiation fields; requirements for a surveil- 
lance program; techniques of in situ radiation measurements; 
sample collection and preparation for laboratory measure- 
ments; laboratory measurement techniques; and trends and 
problem areas. 


Radionuclides in man's environment are divided into three 
groups according to origin: (1) those of primordial origin; (2) 
those continually produced by natural processes; and (3) those 
produced by man's activities. Tables of the characteristics 
necessary for the int&rpretation of in situ and laboratory mea- 
surements of these three groups of radionuclides are included, 
together with a review of the nature, dosimetric contributions, 
and spatial and temporal distributions of the different types of 
the resulting radiation fields. 

The role of measurements of radiation levels in radionuclides 
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concentrations, calculation and concept of dose pathways, and 
dose assessment depend on the situation under study (e.g., the 
most exposed individuals or the integrated exposure of popula- 
tion groups). A section on surveillance programs discusses the 
appropriate sample collection, pathway analysis, the role of 
measurements in those pathways for calculating dose due to 
internally deposited radionuclides, and externally incident ra- 
diation. The section concludes with a discussion of surveillance 
around nuclear facilities and the assessment of dose to popula- 
tion groups. 

The document then turns to the subject of in situ measure- 
ments. Instrumentation for dose measurements and gamma ray 
spectrometry in a variety of environments are reviewed. The 
report reveals that the technique of airborne radiation surveys 
have unexpected applications in areas such as water equiva- 
lence of snow cover, soil moisture monitoring, as well as reactor 
surveillance in general radiation monitoring. 

In situ measurements are sometimes adequate, but laboratory 
analysis of samples (e.g., soil, air, water) provides a more 
complete description of environmental conditions. The section 
on environmental sampling discusses the general considera- 
tions (low level laboratories, quality control, etc.) and proceeds 
with problems in sampling, types of sampling, methods of 
sample preparation, radiochemical separation, radiochemical 
analytical procedures, and analysis of stable elements. The 
subsection on analytical procedures includes valuable tables of 
methods and detection limits for 40 or more analytes. 

The chemical separation of radionuclides is relatively costly 


BOOK REVIEWS 


and is often circumvented by relying on nuclear instrumentation 
to determine the nature and amount of a nuclide in a sample. 
The section on laboratory measurement describes errors and 
detection limits in general terms and proceeds to counting and 
spectrometry instruments for alpha, beta, gamma, and x-rays. 
The potential for buildup of long-lived nuclides indicates the 
need for more sensitive specific measurements, (e.g., by mass 
spectrometry). Appropriate types of instruments and the limits 
of their sensitivity are discussed. The document concludes with 
a plea for correlation of data collected by numerous agencies 
and individuals to form a major data resource. 

There is need for new methods of measuring low levels of 
particulate alpha emitters in the air and of **Kr released from 
nuclear fuel recycling. Monitoring programs for nuclear facili- 
ties, however, should be cost efficient for their ultimate pur- 
pose. Measurements should be supplemental, entered by com- 
putational models which should be modular so that use of 
untested models is avoided. Outside the nuclear reactor field, 
the instantaneous irradiation levels, radionuclide concentra- 
tion, and long term variations should be studied. 

The subject matter is outside the normal realm of professional 
interest of diagnostic radiologists but gives a fascinating insight 
into the consideration and techniques developed to provide a 
background against which medically mediated radiation expo- 
sures will be judged. 

Peter Wootton 
University of Washington 
Seattle, Washington 98195 


Quality Control in Nuclear Medicine. By B. A. Rhodes. St. Louis: C. V. Mosby, 508 pp., 1977. $39.50 


Quality control and quality assurance are frequently used 
terms in the field of nuclear medicine. Yet, to date there has 
been no comprehensive review of quality control. This book fills 
a needed void and should become widely accepted as a refer- 
ence guide for all laboratories. 

A comprehensive review is presented on the nuclear diagnos- 
tic system and factors necessary to guarantee the integrity of 
the nuclear diagnostic function. This section is researched and 
presented with a high degree of understanding. 

Often we forget the patient in assessing quality in medical 
care. A section on human factors brings into focus the necessity 
to assure ourselves that nuclear medicine personnel are 
properly trained and that patients are properly treated. 

Radiopharmaceuticals are one of the key elements in obtain- 
ing high quality nuclear diagnostic examinations, and remain 


one of the more difficult areas in which to guarantee assurance 
in their preparation and use. The factors involved in providing 
high quality radiopharmaceuticals are discussed in a logical 
and easily understood manner. Likewise, this book contains a 
section on instrumentation which points out the necessity of 
guaranteeing that all nuclear medicine personnel are aware of 
the complexity of modern instrumentation and the effects that 
improperly maintained equipment can have on the diagnostic 
process. 

In summary, this book fills a needed void and is recom- 
mended for all nuclear medicine personnel who are serious 
about improving the quality of the field. 

David R. Allen 
University Hospital 
Seattle, Washington 98195 


The Hospital Preparation of Radiopharmaceuticals. Scientific Report Series 16. Edited by P. W. Horton. London: 


Hospital Physicists Association, 47 pp., 1977. 


Since good manufacturing practices have not been imple- 
mented on a uniform scale both in the United States and Great 
Britain for the daily preparation of radiopharmaceuticals, this 
short guide is of some value in assessing the necessary working 
conditions and procedures. The first sections are quite inform- 
ative and written in a concise manner. Unfortunately, the latter 
sections dealing with specific procedures for preparing certain 
radiopharmaceuticals are not applicable to most radiopharma- 
ceutical laboratories in the United States, although they may be 


of some general interest. Most radiopharmaceuticals are pre- 

pared in kit form and the formulations presented in the text 

would only apply to very large properly equipped and staffed 

manufacturing laboratories. 

In general, this book would probably not appeal to the 
general practitioner of nuclear medicine in the United States. 

David R. Allen 

University Hospital 

Seattle, Washington 98195 


News 


CT and Patient Management, and Imaging of the 
Heart 


Two symposiums have been announced by University of 
South Florida College of Medicine. The first, Computerized 
Tomography and Patient Management, will be July 30-August 
2. This program will be followed August 2-6 by Diagnostic 
Imaging of the Heart. Both carry 20 hr AMA Category | credit. 
Fees are also identical, $175; $95 for residents and technicians. 
Location of the symposiums will be the Orlando Hyatt House at 
Disneyworld. For information, contact L. R. Munroff, Educa- 
tional Symposia, P. O. Box 17241, Tampa, Florida 33682; 
telephone (813) 971-6000. 


CT for the Diagnostician 


A postgraduate course, Computed Body Tomography for the 
Diagnostician, is scheduled for September 25-28 at the Copley 
Plaza Hotel, Boston. Sponsor is the Department of Radiology, 
Harvard Medical School. This intensive course is designed for 
radiologists and other practitioners concerned with diagnostic 
imaging modalities. Both head and body CT will be discussed. 
Correlations of CT scans with anatomic sections will be empha- 
sized as well as disease diagnosis, with in-depth discussions of 
differential diagnostic points. CT data will be correlated with 
other modalities including ultrasound, angiography, and radio- 
nuclide scanning in order to assess the relative efficacy of these 
techniques in detecting and evaluating disease processes. The 
course format includes lectures, panel discussions, and small 
group seminars. Fee is $215; $150 for residents and fellows. 
For information, contact S. J. Hessel, Program Director, Depart- 
ment of Radiology, Harvard Medical School, 25 Shattuck Street, 
Boston, Massachusetts 02115; telephone (617) 732-6265. 


International Body Imaging Conference 


The third annual International Body Imaging Conference will 
be October 14-22 at the Maui Surf Hotel, Maui, Hawaii. The 
conference will offer a correlated approach to the principles, 
indications, uses, interpretation, and results obtained with com- 
puted tomography, ultrasonography, and nuclear imaging. 
Conference faculty will be: R. A. Filly, University of California, 
San Francisco; R. R. Hattery, Mayo Clinic, Rochester, Minne- 
sota; A. Heshiki and T. Nagai, Gunma University Hospital, Japan; 
P. B. Hoffer, Yale University; G. Kosoff, Commonwealth Acous- 
tic Laboratory, Sydney, Australia; W. F. Sample, UCLA Medical 
Center, Los Angeles; Y. Sasaki, St. Mariana University School 
of Medicine, Japan; and R. J. Stanley, Mallinckrodt Institute, St. 
Louis, Missouri. 

The conference carries approximately 25 hr AMA Category I 
credit. Registration is limited. Information is available from R. J. 
Friedman, Conference Coordinator, Third Annual International 
Imaging Conference, West Park Hospital, Department of Radiol- 
ogy, 22141 Roscoe Boulevard, Canoga Park, California 91304. 


Current Concepts in Diagnostic Radiology 


A 5 day postgraduate course on Current Concepts in Diagnos- 
tic Radiology has been scheduled for October 23-27 at the 


Southampton Princess Hotel in Bermuda. Sponsor is the De- 
partment of Radiology, Duke University Medical Center. Topics 
include ultrasound and CT scanning. Guest faculty will consist 
of L. Goodman, Philadelphia; M. T. Korobkin, San Francisco; 
S. S. Siegelman, Baltimore; D. Resnick, San Diego; and K. 
Taylor, New Haven, Connecticut. Participating Duke University 
faculty members are S. Martinez, R. McLelland, D. F. Merten, 
C. E. Putman, and W. M. Thompson. Registration fee is $250; 
$125 for those in training when accompanied by a letter from 
the department chairman. A total of 30 hr AMA Category | credit 
is available. Additional inquiries should be directed to Program 
Chairman R. McLelland, Radiology, Box 3808, Duke University 
Medical Center, Durham, North Carolina 27710; telephone (919) 
684-4397. 


CT in Radiotherapy 


The Commission Informatique of the European Association 
of Radiology will hold a Workshop on Use of Computerized 
Tomographic Scanners in Radiotherapy at the headquarters of 
the World Health Organization, Geneva, Switzerland, March 28- 
30, 1979. The meeting is designed to promote discussions 
among therapeutic and diagnostic radiologists, physicists, and 
computer experts with previous experience in this field and will 
be limited to 150 participants. The program will include both 
invited and proferred papers, discussions concerning recogni- 
tion and definition of tumor and target volumes, treatment 
planning, and future directions for development. The proceed- 
ings will be published. Additional information may be obtained 
from the General Secretary, Prof. R. J. Berry, Department of 
Oncology, Middlesex Hospital Medical School, London WIP 
7PN, England. 


CT and Ultrasound: Current Perspectives 


Computed Tomography and Ultrasound will be the subject of 
a program sponsored by the University of Texas Medical School 
at Houston, the University of Texas System Cancer Center, and 
M. D. Anderson Hospital and Tumor Institute. Dates will be 
October 26 and 27. AMA Category | credit will be available. For 
information, write the University of Texas Medical School, 
Office of Continuing Education, P. O. Box 20708, Houston, 
Texas 77030. 


Cardiopulmonary Radiology 


Cardiopulmonary Radiology: Update '78 is the title of a semi- 
nar October 13-15 in Dallas. Sponsor is the Cardiopulmonary 
Section, Department of Radiology, University of Texas Health 
Science Center at Dallas. Guest faculty will include: E. R. 
Heitzman, Jr., Upstate Medical Center, Syrcause, New York; E. 
P. G. Theros, UCLA Center for Health Sciences; and R. lI. White, 
Jr., Johns Hopkins Hospital. Participating faculty from South- 
western Medical School are J. C. Barnes, E. E. Christensen, G. 
C. Curry, T. S. Curry, Ill, G. W. Dietz, R. H. Epstein, W. R. Gray, 
W. J. Kilman, D. R. Kirks, M. J. Landay, K. R. Maravilla, R. W. 
Parkey, and J. Reynolds. 

The seminar will carry 18 hr AMA Category I credit. Registra- 
tion fee is $225. For information and the program brochure, 
contact M. J. Ryals, Administrative Coordinator, Department of 


1215 


1216 


Radiology, Southwestern Medical School, 5323 Harry Hines 
Boulevard, Dallas, Texas 75235; telephone (214) 638-1800, ext. 
2613. 


Journal Name Change 


The journal Computed Axial Tomography has changed its 
name to CT, The Journal of Computed Tomography. The journal 
is published by University Park Press, Baltimore. 


Diagnostic Ultrasound in Obstetrics and 
Gynecology 


A course on Diagnostic Ultrasound in Obstetrics and Gyne- 
cology, sponsored by Johns Hopkins Medical Institutions, will 
be September 7 and 8 in Baltimore. The course is the seventh in 
a series designed to keep practicing ultrasonographers abreast 
of the field. Faculty will consist of S. Campbell, J. Hobbins, K. 
Gottesfeld, F. Winsberg, P. Morley, and R. Sanders. The course 
has been approved for 16 hr AMA Category I credit. Fee is $200. 
For information contact the Program Coordinator, Continuing 
Education, Turner Auditorium, Room 22, 720 Rutland Avenue, 
Baltimore, Maryland 21205; telephone (301) 955-5880. 


Symposia on Real-time Ultrasound 


The Departments of Obstetrics and Gynecology of Northwest- 
ern University and Yale University Schools of Medicine, under a 
grant from ADR Education, a department of ADR Ultrasound, 
will present a series of symposia on real-time ultrasound in 
clinical obstetrics and gynecology. The symposia will be held in 
Chicago June 1-3 and in Newton, Massachusetts, June 14 and 
15. Speakers will include such specialists as R. E. Sabbagha of 
Prentice Women's Hospital in Chicago and J. Hobbins of Yale 
University. Programs will vary in each locale and will cover such 
topics as ultrasound diagnosis of abnormalities in the neonate, 
assessing the growth-retarded fetus, real-time imaging in intra- 
uterine transfusion, interpreting fetal respiration, and use of 
fetal echocardiography. 


NEWS 


Fees are $250 for the 3 day symposium and $200 for the 2 day 
program. For information contact BGM, 145 North Robertson 
Boulevard, Beverly Hills, California 90211; telephone (213) 657- 
5050. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings of these events ap- 
peared in journal issues indicated in parentheses. 

Ultrasound Fellowship, 1 year program, Pittsburgh (January). 

Nuclear Medicine and Biology Congress, September 18-21, 
Washington, D.C. (January). 

Ultrasound Meeting, October 19-23, San Diego (March). 

South African Radiological Congress, August 31-Septem- 
ber 6, Johannesburg (March). 

Angiography and Vascular Disease, course, September 18- 
21, San Diego (April). 

Problem Oriented Diagnostic Imaging, course, July 30-Au- 
gust 4, Ocean City, Maryland (April). 

American Association of Physicists in Medicine Meeting, July 
31-August 3, San Francisco (April). 

Italian Radiology Course, September 25-29, Rome (April). 

Postgraduate Course in Diagnostic Radiology, July 31-Au- 
gust 5, Atlantic Beach, North Carolina (May). 

Skeletal Society Meeting, September 1-3, Boston (May). 

European Angiography Course, September 4-8, Leiden, Hol- 
land (May). 

Nuclear Medicine Prize, call for papers, deadline July 1 
(May). 

International Diagnostic Radiology Seminar, July 20-August 
3, Fiji (May). 

Gastrointestinal Symposium, September 9, Los Angeles 
(May). 

Physics School, course, July 23-28, Santa Cruz, California 
(May). 

Maine Nuclear Medicine Seminar, August 13-18, Waterville, 
Maine (May). 
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The majority of the subjects in the Journal can be 
classified readily as a disease entity, a diagnostic pro- 
cedure or a treatment method. These can be brought to- 
gether rationally in their application to some body part 
or region. Accordingly, the basic organization of this 
index is anatomic and, to the extent possible and con- 
venient, entries are listed under a body part or region. 
Entities that affect more than one body part or disease, 
procedures, or methods for which there are numerous 
titles are given independent listing as well. Other 
subjects not readily referenced anatomically are listed 
alphabetically. Original articles, abstracts of litera- 
ture, book reviews, and editorials are indexed. News 
items and books received are not listed. A given entry 
will be listed at least once, often twice, and occa- 
sionally three times. For brevity, titles of articles 
and abstracts are often permuted. 


Abdomen, see also pelvis and specific organs and diseases 
Abdominal gray scale ultrasonography (b), 8311 
Ascitic fluid in anterior paravesical fossa (c), 
Cerebrospinal fluid intraperitoneal cyst (c), 568 
CT, ultrasound, and abdominal disease (a), 412 
Gas-containing abscesses; ultrasound, 71 
Giant cystic masses in children: ultrasonic diagnosis, 
053 

Intraabdominal mass lesions, contrast enhanced CT (ex), 
396 

Leiomyosarcoma, angiography of, 725 

Normal anatomy of upper, and high retroperitoneum with 
gray Scale ultrasound (a), 413 

Plasma cell giant lymph node hyperplasia responding to 
radiation therapy (c), 169 

Retroperitoneal ultrasonography in Hodgkin's disease 
and non-Hodgkin's lymphoma (a), 603 

Soft tissue shadows in pelvis, 493 

Sonography and conventional radiography for postopera- 
tive infections in upper (a), 1016 

Sonography in diagnosis of retroperitoneal fibrosis 
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(a), 1210 

Sonography of mesenteric and omental masses in chil- 
dren, 269 

Ultrasonic and radiographic examination of masses (ex), 
402 


Ultrasonic distinction of abscesses from other fluid 
collections (a), 602 
Abscess, see also organs and regions 
Gas-containing abdominal, ultrasound, 71 
Ultrasonic distinction from other intraabdominal fluid 
collections (a), 602 
Accelerators, see therapeutic radiology, technique 
Acetaminophen 
Acetaminophen (a), 407 
Achalasia, see stomach 
Acinus, see lungs 
Acrocephalosyndactyly, 
Acromioclavicular joint 
In old age (a), 1012 
ACTA scanner, see computed tomography 
Addison's disease, see adrenals 
Adenoma, see under individual organs and regions 
Adrenals 
Computed tomography of normal (a), 581; 963 
Gray scale ultrasonography of, neoplasms, 741 
Multiple asynchronously manifest pheochromocytomas: 
APUD concept (c), 1168 
Vasoactive intestinal polypeptide-secreting pheochromo- 
cytoma in WDHA syndrome (c), 172 
Aganglionosis, see colon 
Alcohol 
Maternal abuse during pregnancy (a), 412 
Alzheimer's disease, see brain 
American College of Radiology 
Audiovisual program (ex), 400 
Educational materials (ex), 400 
American Roentgen Ray Society 
79th annual meeting, 1005 
Annual meeting moves ahead (e), 192 
Presidential address: Accounting to society: radiologic 
concern for patient care, 221 
Secretary's report: 1977 meeting, 388 
Amyloidosis 
Arthropathy (a), 806 


see bone, fingers, skull 
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See arteries 
see also under individual arteries; 


Anastomoses, 
Aneurysm, 
heart 
Aortic dissection in abdomen, 1115 
Basilar artery, traumatic (c), 975 
Intracranial, and subarachnoid hemorrhage, computed 
tomography in evaluation (c), 205 
Multiple intracranial (a), 180 
Popliteal vein thrombosis secondary to popliteal 
artery, 25 
Rupture during cerebral angiography, extravasation 
from (a), 206 
Subclavian artery, late complication of Blalock-Taus- 
sig anastomosis (c), 1181 
Subdural hematomas due to ruptured cerebral, potential 
pitfall for CT, 507 
Superior hemorrhoidal artery, massive rectal bleeding 
(a), 200 
Thoracic aorta, traumatic pseudo- (c), 157 
Three-channeled aortic dissection (c), 549 
Vein of Galen, in neonate (a), 601 
Anger camera, see radionuclide imaging 
Angiocardiography, see heart 
Angiography, see also organs and arteries 
Extremity masses in children, 1119 
Percutaneous angiography (b), 606 
Radiation during cardiac and vascular special proce- 
dures (a), 1015 
Angiography, complications 
Cerebral, and pneumography (a), 1013 
Cerebral ischemia, safety and, 1097 
Cerebral, with nonionic (metrizamide) and ionic (meglu- 
mine metrizoate) contrast (a), 599 
Cervical myelopathy (a), 599 
Renal failure after cerebral arteriography in a dia- 
betic (a), 602 
Vasopressin infusion (a), 594 
Angiography, technique 
Bucrylate in paraspinal arteriovenous malformations, 99 
Bucrylate in variceal obliteration, 1 
Chronic hemodialysis arteriovenous grafts, 
Complications, 455 
Effects of intravenous vasopressin on canine mesen- 
teric arterial blood flow, bowel oxygen consumption, 
and cardiac output, 1033 
Effects of pitressin on blood flow and oxygen extrac- 
tion in canine vascular beds, 1025 
Electromagnetic rheoangiometry, 13 
Extended carboxyangiography indications (a), 1210 
Improved musculoskeletal, with large volume contrast 
and Priscoline (a), 404 
Improved transcatheter embolization of arteries (c), 
183 
Intimal trauma for vascular occlusion model (t), 793 
Intraarterial lidocaine to control pain in aortofemoral 
arteriography (a), 200 
Longitudinal magnification effect to magnification 
stereoscopic, anew method (a), 807 
Nonsurgical removal of intravascular foreign bodies, 
541 
Occlusion phlebography (a), 803 
Occlusion with balloon catheter (ex), 390 
Paradoxic response to intraarterial lidocaine anal- 
gesia (a), 360 
Polyvinyl alcohol foam: prepackaged emboli for thera- 
peutic embolization (t), 1193 
Prostaglandin Ej (PGE,) in, of tumors of extremities, 7 
Prostaglandin F, alpha in selective visceral (a), 201 
Radionuclide teéhnique for localization of therapeutic 
emboli, 523 
Technology of balloon catheters 
Angitis, see arteritis 
Ankle 
Dislocation of peroneal tendons (a), 408 


aorta; 
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(a), 1203 


Subtle transchondral fractures of talar dome (a), 1012 
Anticoagulants, see blood 
Antrum, see stomach 
Aorta 
Dissection beginfing in abdomen, 1115 
Echocardiographic diagnosis of coarctation (a), 1204 
Left aortic arch with right descending, 917 
Three-channeled dissection (c), 549 
Traumatic pseudoaneurysms of thoracic (c), 157 


Aortic valve, see heart 
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Appendix 
Barium enema in children with abdominal pain (a), 804 
Radiology of acute appendicitis (e), 1001 

Aqueduct of Sylvius, see brain 

Aqueduct, vestibular, see ear 

Arachnoid 
Postmyelographic arachnoiditis and concentration of 

meglumine iocarmate in primates, 313 
Arnold-Chiari malformation, see brain 


Arteries, see also angiography; specific arteries, arterio- 


venous malformations, organs and regions; thrombosis 
Absence of both common carotid (c), 981 
Angiographic and sonographic evaluation of arteria 
magna (ex), 396 
Angiography of chronic hemodialysis arteriovenous 
grafts, 1105 
Angiography of testicular (a), 200 
Differential effects of pitressin on blood flow and 
oxygen extraction in canine vascular beds, 1025 
Doppler ultrasonic assessment of peripheral arterial 
disease (b), 1213 
Fibromuscular dysplasia, strokes in infancy and child- 
hood (a), 206 
Gangrene of feet associated with mesenteric intraar- 
terial vasopressin (c), 558 (erratum, 1202) 
Gastrointestinal bleeding and vascular calcification 
in pseudoxanthoma elasticum (a), 1015 
Internal carotid, origins of inferior cerebellar ar- 
teries (c), 1191 
Intravenous vasopressin and canine mesenteric blood 
flow, bowel oxygen consumption, and cardiac output, 
1033 
Nasal, 89 
Separate origins of left internal and external carotid 
(c), 362 
Subclavian aneurysm: complication of Blalock-Taussig 
anastomosis (c), 1181 
Surgery and occlusive process with peripheral vascular 
disease (a), 594 
Techniques for nonsurgical removal of intravascular 
foreign bodies, 541 
Traumatic aneurysm of basilar (c), 975 
Ultrasound evaluation of shunts in hemodialysis (ex), 
398 
Arteriography, technique 
Investigation of esophageal, in esophageal cancer (a), 
200 
Arteriosclerosis, see also under specific blood vessels 
Surgery and occlusive process with peripheral vascular 
disease (a), 594 
Arteriovenous malformations 
Bucrylate in paraspinal, 99 
Computed tomography in intracranial (a), 204 
Cryptic and thrombosed intracranial vascular (ex), 
Vascular ectasias of colon (a), 405 
Arteritis 
Gangrene of feet associated with mesenteric intraarter- 
ial vasopressin (c), 558 (erratum, 1202) 
Hazards of intraarterial diazepam (a), 412 
Temporal (a), 1203 
Arthritis, see also spine and individual joints 
Fractures of thoracolumbar spine in ankylosing spon- 
dylitis, 485 
Migrating bone shards in dissecting Charcot joints, 
1133 
Overlapping features of scleroderma, systemic lupus 
erythematosis, and rheumatoid (ex), 393 
Rheumatoid, knee joint bursal abnormalities (a), 
Arthrography, see also under specific joints 
Analysis of 100 problem knees (a), 408 
Apophyseal joint, and spondylolysis (c), 986 
Double contrast knee, in children (a), 203 
Double contrast shoulder (ex), 390 
Ultrasonography and, for detection of Baker's cysts 
(a), 1206 
Asbestosis 
Chronic pleural thickening: 
(ex), 394 
Ascites 
Ascitic fluid in anterior paravesical fossa (a), 
Aspergillosis, see also organ 
Pleural (c), 164 
Surgical treatment of pulmonary (a), 
Astrocytoma, see brain neoplasms e 
Atrial septal defect, see heart, congenital abnormalities 
Atrium, see heart 
Auditory canal, see ear 
Azygography, see venography 


392 


599 


sign of asbestos exposure 
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Bacteremia 
During barium enema study, 715 
Basal cell nevus syndrome, see bones 
Bile ducts, see also gallbladder 
Barium duodenography after transhepatic cholangiography, 
693 
Biliary ascariasis (a), 1011 
Biopsy of common, via T-tube tract, 287 
Cholangiographic sign of common, obstruction, 61 
Computed tomography evaluation of obstructive jaundice 
(ex), 401 
Dilated pancreatic duct: ultrasonic evaluation (a), 1204 
Endoscopic papillotomy (a), 1205 
Endoscopic retrograde pancreato-cholangiography (ERCP) 
(b), 1019 
Fine needle cholangiography in postcholecystectomy 
patients, 697 
Gray scale ultrasonography and ERCP in jaundiced patient 
(ex), 401 
Intravenous cholangiography (a), 201 
Percutaneous cholangiography in infants, 1057 
Percutaneous forceps extraction of retained (ex), 397 
Postbiliary surgery syndrome by endoscopic retrograde 
cholangiopancreatography (a), 596 
Radioisotopic evaluation of biliary-enteric anastomoses 
(a), 1016 
Sonographic "parallel channel" sign of biliary tree en- 
largement, 279 
Sonography of, right anterior oblique view, 701 
Therapeutic applications of catheter cholangiography 
(ex), 397 
Ultrasonography in extrahepatic biliary obstruction 
(ex), 396 
Ultrasonography of, comparison with percutaneous trans- 
hepatic cholangiography (ex), 397 
Ultrasound diagnosis of common, dilatation (a), 413 
Urinary excretion and patterns of protein binding of 
iodipamide (a), 1205 
Biopsy, see also under specific organs 
Accuracy and complications of closed lung (a), 802 
Brush, pyelocalyceal lesions via percutaneous trans- 
lumbar approach (a), 581 
Common bile duct, via T-tube tract, 287 
Cutting aspiration needle for lungs, 899 
Minilaparotomy as aid to diagnosing liver disease (a), 
805 
Needle, after irradiation for stage C adenocarcinoma of 
the prostate (a), 209 
Needle, of cancer in bone, 641 
Percutaneous fine needle aspiration, of pancreas (a), 
596 
Bladder, see also urinary tract; urography 
Alkaline encrusting cystitis (c), 575 
Computed tomography staging of neoplasms, 735 
Displacement of, in infants and children (a), 583 
Gross hematuria: complication of intrapelvic cement 
intrusion in hip replacement, 327 
Preoperative radiation regimens with cystectomy for 
cancer (a), 603 
Urethrography in children with neurogenic, dysfunction 
(a), 806 
Blood 
Lithium on neutrophil mass and production (a), 1209 
Bone, see also under individual bones and diseases 
Direct magnification for skeletal radiology (a), 202 
Imaging parameters and clinical relevance for magnifi- 
cation skeletal radiography (a), 380 
Needle biopsy of cancer in, 641 
New formation: myositis ossificans versus malignant 
tumor (c), 773 
Osteochondral fractures, 651 
Pocket atlas of skeletal age (b), 418 
Pseudoachondroplasia (a), 207 
Radiographic and pathologic analysis of osteochondral 
fractures (ex), 389 
Sinus histiocytosis bone involvement (a), 208 
Stress fractures of first metatarsal, 679 
Terminal toe phalanges in psoriasis (a), 599 
Ultrasound (ex), 395 
Bone, diseases 
Caffey's disease in first metatarsal, 335 
Delayed onset of secondary hypertrophic osteoarthro- 
pathy (c), 561 
Dysosteosclerosis (c), 988 
Hypertrophic osteoarthropathy in childhood malignancy 
(c), 992 
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Kniest syndrome (a), 808 
Neurofibromatosis in children, Neuhauser lecture, 615 
Paget's disease (a), 1012 
Paget's disease, skeletal scintimaging and radiography 
(a), 1012 
Scintigraphy in hereditary multiple exostoses, 331 
Skeletal changes in Down's syndrome (a), 808 
Bone, infection 
Hematogenous osteomyelitis of metaphyseal-equivalent 
locations, 123 
Pelvic osteomyelitis in children (a), 1209 
Streptococcal, in four infants, 465 
Bone, metabolic abnormalities 
Bone mineral in Vilcabamba, Ecuador, 671 
Bone mineral measured by direct photon absorptiometry 
in childhood renal disease (a), 1206 
Copper deficiency changes, biochemical hypothesis (ex), 
393 
Estrogens and calcium carbonate, bone loss in post- 
menopausal women (a), 1013 
Nonlinear bone loss in oophorectomized women (a), 202 
Radiological/pathological correlations in uremic (a), 
1207 
Seizures and demineralization of skull in rickets (a), 
601 
Simultaneous healing and progression of skeletal lesions 
in primary hyperparathyroidism (a), 407 
Bone, neoplasm 
Breast carcinoma and bone scan abnormality (c), 353 
Cranial chondrosarcomas (a), 601 
False negative bone scans in neuroblastoma, 131 
Giant cell tumors and aneurysmal bone cysts, angio- 
graphic manifestations (ex), 393 
Multiple myeloma with osseous scintigraphy (a), 413 
Myositis ossificans versus malignant tumor (c), 773 
Ovarian mass, bone metastases, and breast lesion (c); 
1163 
Radioisotope scanning in bone metastasis (a), 1016 
Bone, radionuclide imaging 
Bone scintigraphy in multiple exostoses, 331 
False negative bone scans in neuroblastoma in long 
bones, 131 
Lower neck uptake in bone scans (a), 413 
Multiple myeloma with osseous scintigraphy (a), 413 
Radioisotope scanning in bone metastasis (a), 1016 
Skeletal scintimaging and radiography in Paget's dis- 
ease (a), 1012 
Tc-99m methylene diphosphonate versus Tc-99m pyrophos- 
phate: biologic and clinical comparison (a), 414 
Book reviews 
Abdominal gray scale ultrasonography, 811 
Atlas of carotid angiography, 1019 
Atlas of endoscopic retrograde cholangiopancreato- 
graphy, 1212 
Atlas of xeroradiography, 211 
Cancer: diagnosis, treatment, and prognosis, 605 
Cancer management, 212 
Chemotherapy of solid tumours, 1022 
Computerized cranial tomography, 1213 
Diagnosis and treatment of incorporated radionuclides, 
212 
Doppler ultrasonic assessment of cerebrovascular dis- 
ease, 1213 
Doppler ultrasonic assessment of peripheral arterial 
disease, 1213 
Doppler ultrasonic assessment of venous disease, 1213 
Endoscopic retrograde pancreate-cholangiography (ERCP), 
1019 
Environmental radiation measurements, 1213 
Financial operation and management concepts in nuclear 
medicine, 211 
The first European seminar on computerised axial tomo- 
graphy in clinical practice, 1019 
The fundamentals of x-ray and radium physics, 6th ed., 
eit 
Gray scale ultrasound: a manual for physicians and 
technical personnel, 811 
The hospital preparation of radiopharmaceuticals, 1214 
Living with lung cancer, 416 
Manuel de techniques radiographiques du Crane, 1021 
Modification of radiosensitivity of biological systems, 
417 
Neutron dosimetry for biology and medicine, 213 
Nuclear medicine focus on clinical diagnosis, 417 
Organ physiology: structure and function of the lung 
with emphasis on roentgenology, 212 
Pediatric echocardiography, 1213 
Pediatric oncologic radiology, 1021 


Percutaneous angiography, 606 
The physical principles of diagnostic radiology, 1020 
Pocket atlas of skeletal age, 418 
Practical atlas of cardiac scintigraphy, 417 
Programme radiation protection, annual report 1976, 213 
Quality control in nuclear medicine, 1214 
Radiation-associated thyroid carcinoma, 813 
Radiation protection design guidelines for 0.1-100 MeV 
particle accelerator facilities, 1022 
Radiologic anatomy of the brain, 416 
Radiologic physics: equipment and quality control, 1020 
Radiology and injury in sport, 607 
Reconstruction tomography in diagnostic radiology and 
nuclear medicine, 605 
Symposium on the spine, 813 
Ultrasonography in obstetrics and gynecology, 811 
Ultrasonography in obstetrics and gynecology, 1212 
The urinary tract, 1022 
Urologic pathology; the prostate, 606 
Xeroradiography: breast calcifications, 812 
Xeroradiography: uncalcified breast masses, 812 
X-rays--more harm than good? 416 
Yearbook of diagnostic radiology, 812 
1977 Yearbook of nuclear medicine, 813 
Bowel, see colon; intestine; gastrointestinal tract 
Brachytherapy, see therapeutic radiology 
Brain, see also arachnoid; computed tomography, cranial; 
sella turcica 
Distribution of calcification within pineal gland (a), 
808 
Multiple intracranial aneurysms (c), 180 
Radiologic anatomy of the brain (b), 416 
Traumatic aneurysm of basilar artery (c), 975 
Vein of Galen aneurysms in neonate (a), 601 
Brain, angiography 
Acute cerebral infarction (a), 411 
Acute renal failure after (a), 602 
Angiography of subdural empyema (ex), 391 
Atlas of carotid angiography (b), 1019 
Base view in vertebral (a), 601 
Cerebral ischemia, 1097 
Complications of, and pneumography (a), 1013 
Cryptic and thrombosed intracranial vascular malforma- 
tions (ex), 392 
Early filling of veins in parietal region (a), 410 
Extravasation from aneurysmal rupture during (a), 206 
Hypervascular pattern (a), 807 
Internal carotid artery origins of inferior cerebellar 
arteries (c), 1191 
Longitudinal magnification effect to magnification 
stereoscopic angiography (a), 807 
Nonionic and ionic watersoluble contrast media in (a), 
599 
Brain, computed tomography 
Acoustic neuroma (a), 600 
Ascending transtentorial herniation by, 755 
Atlas for, on glabella-inion line (a), 1208 
Bilateral isodense chronic subdural hematomas (a), 1207 
Calcified brain tumor, skull radiography and, 761 
Cerebellar astrocytoma, 929 
Cerebral infarction (ex), 400 
Computerized cranial tomography (b), 1213 
Contrast enhancement (a), 410 
Coronal and skull in infants and children (a), 1013 
Cranial tuberculosis, 769 
Descending tentorial herniation (a), 1207 
Descending transtentorial herniation (a), 409 
Extracerebral fluid collections (ex), 392 
The first European seminar on computerised axial tomo- 
graphy in clinical practice (b), 1019 
Glabella-inion line as baseline for (a), 1208 
Herpes simplex encephalitis (a), 1208 
Indications for contrast medium enhancement in (a), 
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Intracranial aneurysms and subarachnoid hemorrhage (a), 
205 

Intracranial angiomas (a), 410 

Intracranial arteriovenous malformations (a), 204 


Intracranial calcification on comparison with radio- 
graphy (a), 204 

Intracranial cystic abnormalities (ex), 390 

Intracranial hematomas in premature infants (ex), 398 

Intracranial lymphoma (ex), 389 

Intracranial neoplasms, 1,658 tumors (a), 204 

Intracranial vasgular malformations (ex), 391 

Intracranial venous sinus thrombosis (c), 978 

Leptomenigeal infections, 511 

Lesions of base of skull (a), 600 
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Meningiomas (ex), 400 

Metrizamide cisternography: pediatric applications (a), 
809 

Moyamoya (a), 1014 

Porencephaly and other cerebrospinal fluid-containing 
lesions (a), 204 

Pyogenic abscesses, 11ll 

Radionuclide scanning and, in metastatic lesions (a), 
807 

Resolving intracerebral hematoma, 935 

Sellar and suprasellar lesions, evaluation by (ex), 400 

Serial, of primary tumors following surgery, irradia- 
tion, and chemotherapy (a), 806 

Subarachnoid blood clot and other thin, 
detection (a), 408 

Subdural hematomas (ex), 400 

Subdural hematomas due to ruptured cerebral aneurysms, 
507 

Third ventricular colloid cysts (a), 599 

Transient brain stem disorder (c), 357 

Trapped fourth ventricle, 503 

Ventriculo-cephalic ratio (a), 410 

Vertex scan, 765 

Brain, infarction 

Acute cerebral (a), 411 

Computed tomography of cerebral (ex), 400 

Fibromuscular dysplasia as cause of stroke in infancy 
and childhood (a), 206 

Brain, neoplasm 

Anterior pontomesencephalic vein and basilar artery in 
exophytic brainstem glioma (a), 807 

Arterial and venous signs of tumors in fourth ventricle 


flat structures, 


(a), 600 
Calcified brain tumor, computed tomography and skull 
radiography, 761 


Computed tomography 929 
Computed tomography 
Craniopharyngiomas, treatment (a), 415 
Delayed brain scans in patients undergoing chemotherapy 
for primary (a), 414 

Ependymoma (a), 415 

Following intravenous contrast media (a), 409 

Medulloblastoma in children: correlation between stag- 
ing and treatment results (a), 604 

Metastatic tumor presenting as intracerebral hemorrhage 
(a), 600 

Optic nerve glioma: radiation therapy (a), 1017 

Radionuclide scanning and computed tomography in meta- 
static (a), 807 

Serial computed tomography of primary, following sur- 
gery, irradiation, and chemotherapy (a), 806 

Brain, radionuclide imaging 
Abnormal scintigrams in demyelinating disease (a), 1016 
Comparison of, and computed tomography in metastatic 

lesions (a), 807 
l and 2-hr delayed, in patients undergoing chemotherapy 
for primary brain tumors (a), 414 


of cerebellar astrocytoma, 
of intracranial (a), 204 


Value of, in Moyamoya disease (ex), 392 

Breast, see also mammography 
Mammographic spectrum of traumatic fat necrosis, 119 
Ovarian mass, bone metastases, and a lesion (c), 1163 


Silastic implants mimicking soft tissue mass, 461 

Skin thickness in therapeutically irradiated, 345 

Xeromammographic and ultrasonic diagnosis of traumatic 
oll cyst (c), l189 

Breast, neoplasm 

Acute skin reactions in postoperative breast cancer 
patients receiving adjuvant chemotherapy, 137 

Cancer screening (1), 198 

Compression in specimen xeromammography (t), 377 

Contact spot xeromammography in early diagnosis, 

CT o£ (a), i014 
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Factors affecting estrogen receptors in (a), 603 
Internal mammary lymphoscintigraphy (a), 414 
Mammographic patterns and risk, 1157 
Mammographic screening by lateral view (a), 1209 


Postoperative radiotherapy (a), 1017 
Projections in mammography, 349 
Special report: NIH/NCI consensus development meeting 
on breast cancer screening, 194 
Thoracic effects of irradiation of, 877 
Vacuum contoured, liquid crystal, dynamic breast thermo- 
angiography (ex), 401 
Xeroradiography: breast calcifications (b), 812 
Xeroradiography: uncalcified breast masses (b), 
Bronchi, see also lungs 
Adenoma (a), 199 
Bronchioloalveolar carcinoma: two clinical entities 
with one pathologic diagnosis, 905 


812 
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Obstruction of airways by heart and pulmonary vessels 


(a), 601 
Radiologic recognition of bronchopleural fistual (a), 
593 
Walls in asthma diagnosis (a), 594 
Bucrylate 


Paraspinal arteriovenous malformations, 99 
Variceal obliteration, 1 
Bursa, see specific joints 


Caffey's disease, see bone, diseases 
Calcification, see specific organs, regions, and disease 
Cancer, see neoplasms; therapeutic radiology; radiobiol- 
ogy; under organs, regions, individual neoplasms 
Carcinoembryonic antigen (CEA) 
Survey of, responses in radiotherapeutic patients (a), 
1018 
Carotid artery 
Absence of both common (c), 981 
Doppler ultrasonic assessment of cerebrovascular dis- 
ease (b), 1213 
Internal, injuries due to blunt trauma (ex), 
Pseudoocclusion of internal (a), 1207 
Radiation-induced stenosis (a), 1211 
Separate origins of left internal and external (c), 362 
Carpus, see wrist 
Cathartics, see colon 
Cauda equina, see spinal cord 
Cavography, see venae cavae 
Cecum, see colon 
Cephalhemotoma, see skull 
Cephalometry, see skull 
Cerebellopontine angle, see brain 
Cerebral angiography, see brain, angiography 
Cerebral arteries, see also brain 
Internal carotid artery origins of inferior cerebellar 
arteries (c), 1191 
Multiple intracranial aneurysms (c), 180 
Pseudoocclusion of internal carotid artery (a), 
Cerebral palsy, see body parts 
Cervix, see uterus 
Chemotherapy, see also 
Acute leukemia after 
cancer (a), 210 
Acute skin reactions in postoperative breast cancer 
patients receiving adjuvant, 137 
Chemotherapy of solid tumors (b), 1022 
Conference on clinical prospects for hypoxic cell sen- 
sitizers and hyperthermia, 185 
Effect of lithium on neutrophil mass and production (a), 
1209 
Hyperthermia combined with, or x-rays (a), 190 
Radiological findings and biochemical markers in non- 
seminamatous testicular tumors (a), 582 
Chest, see thorax and specific organs 
Cholangiography, see also bile ducts; gallbladder 
Barium duodenography after transhepatic, 693 
Concentration maximum in intravenous (a), 201 
Fine needle, in postcholecystectomy patients, 697 
Percutaneous, in infants, 1057 
Sign of common bile duct obstruction, 61 
Urinary excretion and patterns of protein binding of 
iodipamide (a), 1205 
Choledochal cyst, see bile ducts 
Cholografin, see cholangiography; iodipamide 
Chondroblastoma, see bone, neoplasm 
Chondrosarcoma, see bone, neoplasm 
Choroid plexus, see brain 
Clavicle 
Congenital retrosternal subluxation of, simulating in- 
trathoracic mass (c), 1184 
Coccidioidomycosis 
Primary, in children with massive pleural effusion, 247 
Unusual, infection (a), 802 
Colitis 
Aphthoid ulcers in Crohn's (a), 1205 
Cancer in, risk by clinical and histological criteria 
(a), 1010 
Chronic ulcerative, and colon cancer, 825 
Spontaneous resolution of colonic strictures caused 
by necrotizing entercolitis, 1077 
Ulcerative and granulomatous colitis, Cannon lecture, 


390 
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individual drugs 
alkylating-agent therapy of ovarian 


817 
Collimators, see radiography 
Colon, see also gastrointestinal tract, colitis 


Aneurysm of superior hemorrhoidal artery: cause of 
masSive rectal bleeding (a), 200 


Angiographic signs of vascular ectasias of (a), 1203 


Colonscopy, 
Computed tomography 
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Aphthoid ulcers in Crohn's colitis (a), 1205 

Bacteremia during barium enema study, 715 

Barium enema in children with abdominal pain (a), 804 

Barium granuloma of rectum (a), 804 

Calcified intraluminal meconium with imperforate anus 
(c), 786 

Cancer in colitis (a), 1010 

Cecal perforation associated with gastrografin enema 
(c), 997 

Changes in site of colorectal carcinoma in Connecticut, 
1940-1973 (a), 596 

Chronic ulcerative colitis and, cancer, 825 

Clean, whose responsibility? (1), 403 

Colonic ileus (a), 805 

Colonoscopy and roentgenography for detecting polypoid 
lesions of (a), 1205 

Congenital positional anomalies of (a), 596 

Duodenal lesions in familial polyposis of (a), 

Early lesions of Crohn's disease (1), 800 

Familial polyposis (a), 201 

Lymphoid follicular pattern: normal feature in child- 
hood, 51 

Multicentric colonic lymphoma complicating ulcerative 
colitis (a), 805 

Myotonic megacolon in myotonic dystrophy (c), 177 

Myxedema pseudoobstruction (c), 175 

Radiology of, in double contrast (a), 406 

Spontaneous resolution of colonic strictures caused by 
necrotizing enterocolitis, 1077 

Strangulating obstruction of bowel: radiographic cri- 
teria, 835 

Transverse, in adult umbilical hernia, 57 

Tween 80/diatrizoate enemas in bowel obstruction, 747 

Ulcerative and granulomatous colitis, Cannon lecture, 
817 

Vascular ectasias of (a), 405 

Vasopressin on, blood flow in monkeys (a), 594 

Whole gut irrigation, inadequate preparation for double 
contrast barium enema examination (a), 596 

Zonal colonic hypoganglionosis (a), 808 

see endoscopy 


1011 


Body scanner in radiotherapy treatment planning (a), 
415 

Breast (a), 1014 

Comparison of number of rays vs number of views in 
reconstruction tomography (a), 385 

Comparison of translate-rotate and pure rotary body 
scanners (a), 386 

Data processing of dual-energy scans (a), 386 

Detectability in presence of, reconstruction noise 
(a), 386 

Double exposure technique for demonstration of osse- 
ous and pulmonary structures on single film (t), 
375 

Electron density and atomic number determination by 
(a), 415 

Evaluation of several scanners (a), 386 

The first European seminar on computerised axial to- 
mography in clinical practice (b), 1019 

Geometrical limitations of scanner resolution (a), 
386 

Image noise and smoothing in scanners (a), 380 

Image quality in, and conventional tomography in 
assessment of craniofacial anomalies (a), 387 

Interventional (ex), 401 

Intracranial aneurysms and subarachnoid hemorrhage 
(a), 205 

Lower lumbar vertebrae (a), 202 

Radiation dosimetry in (a), 386 

Reconstruction tomography in diagnostic radiology and 
nuclear medicine (b), 605 

Sarcomatous tumors of thigh, 115 

Scanning techniques in body, 1069 

Sensitometry in (a), 381 

SPIE technology utilization program: application of 
optical instrumentation in medicine, 379 

Television display synchronization artifact (t), 373 

Whole body, pediatric patient (ex), 399 


Computed tomography, abdominal 


Bladder neoplasms, staging by, 735 

Gallbladder, 1059 

Gray scale ultrasonography, radionuclide imaging and, 
of liver (a), 597 

Hodgkin's disease and non-Hodgkin's lymphoma staging 
(a), 207 

Intraabdominal mass lesions, contrast enhanced (ex), 
396 

Kidneys (ex), 


401; (a), 598 
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Liver (a), 1204 

Liver disease, accuracy of, 711 

Normal adrenal glands (a), 581; 963 

Normal pancreas (a), 597 

Obstructive jaundice, evaluation (ex), 401 

Pancreas findings (ex), 397 

Renal cyst (a), 584 

Retroperitoneum (ex), 401 

Transabdominal ultrasound and, in evaluation of 
prostate (a), 597 

Ultrasonography and, in diagnosis of abdominal 
disease (a), 412 


Computed tomography, cranial 


Acoustic neuroma (a), 600 
Ascending transtentorial herniation by, 755 
Atlas of, based on glabella-inion line (a), 1208 
Bilateral isodense chronic subdural hematomas (a), 
1207 
Cerebellar astrocytoma, 929 
Cerebral infarction, value of (ex), 400 
Comparison of radionuclide scanning and, in metastatic 
lesions (a), 807 
Contrast enhancement in (a), 410 
Contrast medium enhancement in (a), 1208 
Coronal, of skull and brain in infants and children 
(a), LOLS 
Cranial tuberculosis, 769 
Descending tentorial herniation (a), 1207 
Descending transtentorial herniation, diagnosis by 
(a), 409 
Evaluation of third ventricular colloid cysts (a), 599 
Extracerebral fluid collections by (ex), 392 
Herpes simplex, encephalitis (a), 1208 
Intracranial arteriovenous malformations (a), 204 
Intracranial calcification on, comparison with radio- 
graphy (a), 204 
Intracranial cystic abnormalities (ex), 390 
Intracranial hematomas in premature infants (ex), 398 
Intracranial lymphoma (ex), 389 
Intracranial neoplasms (a), 204 
Intracranial vascular malformations (ex), 391 
Intracranial venous sinus thrombosis (c), 978 
Intravenous contrast media and brain tumors (a), 409 
Leptomeningeal infections, 511 
Lesions of base of skull (a), 600 
Meningiomas (ex), 400 
Moyamoya (a), 1014 
Porencephaly and other cerebrospinal fluid-containing 
lesions (a), 204 
Pyogenic abscesses, 111 
Resolving intracerebral hematoma: alteration of "ring 
sign" with steroids, 935 
Sellar and suprasellar lesions evaluation by (ex), 400 
Serial, of primary tumors following surgery, irradia- 
tion, and chemotherapy (a), 806 
Skull radiography and, in calcified brain tumor, 761 
Subarachnoid blood clot and other thin, flat struc- 
ture detection by (a), 408 
Subdural hematomas (ex), 400 
Subdural hematomas due to ruptured cerebral aneurysms: 
potential pitfall for, 507 
Transient brain stem disorder (c), 357 
Trapped fourth ventricle, 503 
Ventriculo-cephalic ratio (a), 410 
Vertex scan, 765 
Computed tomography, orbital 
Exophthalmos (a), 203 
Impact of CT and ultrasonography on orbital diagnosis 
(a), 1207 
Superior ophthalmic vein by high resolution (a), 600 
Computed tomography, thoracic 
Conventional whole lung tomography and, in detection 
of pulmonary metastases (ex), 395 
CT of anterior mediastinum in patients with myasthenia 
gravis, 239 
Transmural thoracic lipoma (c), 161 
Computers 
Systematization of nuclear medicine diagnostics (a), 
209 
Contrast media, see also individual media 
Effect of radiation and, on chromosomes (a), 1018 
High density, low viscosity barium for fine mucosal 
detail, 831 
Iopanoic acid @elepaque), massive overdose without 
ill effects (c), 1174 
Multiple factors in severe reactions (a), 581 
New agent for oral cholecystography: iopronic acid 
(oravue), 845 


Steroids: basis for prevention of, reactions (a), 809 
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Urinary excretion and patterns of protein binding of 
iodipamide (a), 1205 
Coronary arteries, see also heart 
Arteriographic evidence of spasm in acute myocardial 
infarction (a), 410 
Chronic stable angina (a), 594; (a), 803 
Contrast echocardiography in right, to right ventri- 
cular fistula (c), 983 
Myocardial infarction, arteriographic evidence (a), 
410 
Myocardial uptake of 99mTc pyrophosphate in clinical 
exercise-induced ventricular ischemia (a), 209 
Neovascularity and fistula formation in mural throm- 
bus (a), 804 
Variation in measurement of coronary lesions on 35 
and 70 mm angiograms, 913 
Corpus collosum, see brain 
Cowper's duct, see urethra 
Craniopharyngioma, see brain, neoplasm 
Crohn's disease 
Aphthoid ulcers in, colitis (a), 1205 
Early lesions of, 307; (1), 800 
Massive lower gastrointestinal hemorrhage with (c), 
368 
Ulcerative and granulomatous colitis, Cannon lecture, 
817 
Cyclotron, see therapeutic radiology, apparatus 
Cystic fibrosis, see organ 
Cystography, see bladder 
Cysts, see under organs and regions 


Dacryocystography, see lacrimal gland 
Deafness, see ear 
Delta scanner, see computed tomography 
Desmoid tumor, see neoplasm 
Diaphragm 
Eventration in infancy and childhood (a), 808 
Hiatus hernia and respiratory tract (a), 1009 
Radiology of, crura and lumbocostal arches (ex), 390 
Diphosphonate, see under organs and regions 
Dislocation, see specific joints 
Diverticulitis, see colon 
Diverticulum, see organ 
Doppler ultrasound, see ultrasound 
Ductus arteriosus, see heart, abnormalities 
Duodenum, see also gastrointestinal tract; intestine 
Barium duodenography after transhepatic cholangio- 
graphy, 693 
Combined esophageal and, atresia without  tracheo- 
sophageal fistula (c), 167 
Lesions in familial polyposis of colon (a), 1011 
Preoperative diagnosis of perforated diverticulum 
(c), 563 
Down's syndrome 
Skeletal changes in (a), 808 
Dura mater, see meninges 


Echinococcosis, see under organs and regions 
Echocardiography, see heart 
Editorials 
Annual meeting moves ahead, 192 
A corner is turned, 585 
ARRS presidential address: Accounting to society: 
radiologic concern for patient care, 221 
From earlier pages, 586 
Human experimentation: regulations and ethics, 1200 
Parts and wholes: the Society for Pediatric Radiology 
and the general radiologic community, 799 
Radiology of acute appendicitis, 1001 
Elbow 
Two clues of upper extremity trauma (ex), 389 
Electron, beam therapy, see also therapeutic radiology 
Rationale for curative radiotherapy in mycosis 
fungoides (a), 810 
Electronic imaging, see diagnostic radiology; radio- 
graphy 
Embolism, see also thrombosis 
Bucrylate in paraspinal arteriovenous malformations, 
99 
Bucrylate in variceal obliteration, 1l 
Failure of steel coil occlusion in case of hyper- 


nephroma (c), 556 e 
Improved transcatheter embolization of arteries (c), 
183 


Polyvinyl alcohol foam (t), 1193 
Roentcenologic manifestations of pulmonary thrombo- 
embolism and infarction (ex), 393 


Scintigraphic diagnosis of exoerimental pulmonary, 
with In-111 labeled platelets (a), 603 
Technique for localization of, using radionuclides, 


523 
Endoscopic retrograde pancreatography (ERCP), see also 
organ 
Angiography and, in diagnosis of pancreatic carcinoma, 
683 


Atlas of endoscopic retrograde cholangiopancreato- 
graphy (b), 1212 
Endoscopic retrograde pancreate-cholangiography (b), 
1019 
Gangrene and perforation of gallbladder by, 67 
Postbiliary surgery syndrome by (a), 596 
Endoscopy 
Comparison of colonoscopy and roentgenographv for 
detecting polypoid lesions of colon (a), 1205 
Fiberendoscopy in detection of upper intestinal 
malignancy (a), 805 
Papillotomy (a), 1205 
Enteritis, see intestine 
Enterocolitis, see colon; intestine 
Ependymona, see brain, neoplasm 
Epidermoids, see skull; brain 
Erratum 
Angiodysplasia of right colon: cause of gastrointes- 
tinal bleeding, 378 
Gangrene of feet associated with mesenteric intra- 
arterial vasopressin, 1202 
Involvement of aberrant right subclavian artery in 
dissection of thoracic aorta: diagnostic and 
therapeutic implications, 210 
Esophagus, see also stomach 
Arteriography in cancer (a), 200 
Beck gastric tube in reconstruction (ex), 396 
Bucrylate in variceal obliteration, 1l 
Childhood hiatal hernia (a), 201 
Chronic mucocutaneous candidiasis: abnormalities, 
473 
Collis-Belsey fundoplication (a), 1206 
Diffuse intramural esophageal pseudodiverticulosis 
(a), 597 
Double-blind study of esophageal barium pastes (a), 
1010 
Duodenal atresia and, without tracheoesophageal 
fistula (c), 167 
Gastroesophageal reflux in infants and children, 47 
Intragastric oxygen concentration in H-type tracheo- 
esophageal fistula (a), 602 
Moniliasis (ex), 395 
pH-tested reflux without hiatus hernia, 43 
Retrotracheal abnormalities in carcinoma, 719 
Revised radiologic concepts of Barrett (ex), 395 
Treatment of, food impaction using intravenous gluca- 
gon (a), 804 
Exopthalmus, see eye; orbit 
Exostosis, see bone 
Extremities, see fingers; hands; under names of bones 
and joints 
Eye 
Eye dose measurements using conventional and rare- 
eartn screens during tomography of paranasal si- 
nuses (a), 206 
Optic nerve glioma: radiation therapy (a), 1017 
Radiation dose to lens during tomography of middle 
ear (a), 205 


F 


Face 
Fragments analysis in maxillo-facial injuries (ex), 
389 
Falx cerebri, see meninges 
Femur 


Plastic bowing fracture in a child (c), 780 
Fetus, see also pregnancy; radiation, injurious effects; 
radiobiology 
Fetal movement patterns: developmental milestones in 
utero, 537 
Ultrasonic imaging of normal intrauterine fetal 
anatomy (a), 1016 
Ultrasound in the antepartum diagnosis of conjoined 
twins and pericardial effusion (c), 578 
Ultrasound of normal pregnancy from 4-16 weeks of 
gestation (a), 208 
Fibrosis, see organs and regions 
Filters, see radiography, apparatus; therapeutic radi- 
ology, apparatus 
Fontanelle, see skull 
Foot 
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Popliteus tendon tenosynovitis (a), 408 
Foreign bodies, see organ or part 
Fossa, pituitary, see sella turcica 
Fractionation, see dosimetry; radiobiology, therapeutic 
radiology 
Fracture, see also under individual bones 
Acute bilateral symmetrical pathologic, of lateral 
tibial plateaus in Gaucher's disease (a), 1207 
Cervical spine trauma, 659 
Femoral neck, following water-soluble myelography in- 
duced spinal seizures (a), 1013 
First metatarsal stress, 679 
Fragmentation of patella in spastic cerebral palsy 
(a), 599 
Ischemia as cause of nonunion (a), 1206 
Multiple level spinal injuries, 665 
Osteochondral, 651 
Plastic bowing, of femur in a child (c), 780 
Subtle transchondral, of talar dome (a), 1012 
Thoracolumbar spine, in ankylosing spondylitis, 485 
From earlier pages, 586 


Gallbladder, see also bile ducts; cholecystography 
Cholecystectomy complications (ex), 400 
Cholecystokinetic cholecystography: efficacy and tol- 
erance studies of ceruletide, 1051 

CT of, 1059 

Contrast agent for oral cholecystography: iopronic 
acid (oravue), 845 

Detection of, disease in patients with normal oral 
cholecystograms (a), 405 

Gallstone fissures (1), 198 

Gangrene and perforation of, by ERCP, 67 

Gray scale sonography of normal and diseased (ex), 391 

Oral cholecystography after alcoholic pancreatitis 


(a), 406 

Preliminary abdominal films in oral cholecystography, 
477 

Radiographic magnification technique imagings (a), 
380 


Sincalide (C-terminal octapeptide of CCK) (ex), 401 
Target-shaped echo pattern (1), 1006 
Ultrasonic evaluation of, in left lateral decubitus 
position (a), 412 
Gallium 
Bowel preparation in Ga-78 citrate scanning (a), 603 
Gastrointestinal tract 
Bleeding and vascular calcification in pseudoxantho- 
ma elasticum (a), 1015 
Calcified intraluminal meconium with imperforate 
anus (c), 786 
Crohn's disease with massive lover, hemorrhage (c), 
368 
Distant metastases from squamous cell carcinoma of 
the upper respiratory and digestive tracts (a), 211 
Dominican Republican conjoined twins: ischiopagus, 
tetrapus, omohalopagus, 921 
Double-blind study of single and double contrast 
upper, examinations, 1041 
Drug-induced, disease (a), 1010 
Early lesions of Crohn's disease, 307 
Fiberendoscopy in detection of upper intestinal 
malignancy (a), 805 
Food artifacts simulating ovarian neoplasm (c), 789 
High density, low viscosity barium for fine mucosal 
detail, 831 
Necrotizing enterocolitis of infancy (ex), 399 
Neonatal intramural intestinal calcifications asso- 
ciated with bowel atresia (c), 999 
Radionuclide diagnosis of bleeding Meckel's diverti- 
culum in children (a), 1014 
Respiratory arrest in infants secondary to gastroe- 
sophagel reflux (a), 1209 
Scintigraphic detection of acute, bleeding (a), 414 
Sincalide (C-terminal octapeptide of CCK) in clinical 
radiology (ex), 401 
Gelfoam, see embolism 
Genitourinary tract, see urinary tract; urography; in- 
dividual organ 
Glioblastoma, see brain, neoplasm 
Glucagon 
Treatment of esophageal food impaction using intra- 
venous (a), 804 
Goiter, see thyroid 
Gonadoblastoma, see ovary 
Gout, see bone 
Grave's disease, see thyroid 
Gynecology, see ovary; pregnancy; uterus 
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H 


Hand, see also fingers 
Stress fractures of first metatarsal, 679 
Heart, see also coronary arteries 
Arteriograpbhic evidence of coronary arterial spasm in 
acute myocardial infarction (a), 410 
Cardiac herniation with volvulus after pneumonectomy 
(e), 155 
Chronic stable angina (a), 594; (a), 803 
Complications of congenital, disease surgery (ex), 
399 
Coronary neovascularity and fistula formation in mu- 
ral thrombus (a), 804 
Frontal left atrial dimension in left atrial enlarge- 


ment, 251 
Obstruction of airways by pulmonary and, vessels (a), 
601 


Persistent fetal circulation, pulmonary hypertension 
of newborn (a), 601 
Purulent pericarditis (a), 803 
Sulfinpyrazone in prevention of cardiac death after 
myocardial infarction (a), 1203 
Traumatic aortic insufficiency in children (a), 1204 
Heart, angiocardiography 
Angiocardiographic differentiation of constrictive 
pericarditis and restrictive cardiomyopathy due to 
amyloidosis, 451 
Angiographic features of congenital bicuspid and uni- 
commissural aortic valves (a), 804 
Angled views in cineangiocardiography of (a), 405 
Cineradiographic assessment of BjOrk-Shiley aortic 
and mitral prosthetic heart valves (a), 404 
Densitometric evaluation of myocardial contrast ac- 
cumulation (a), 386 
Heart, congenital abnormalities 
Chest film diagnosis of patent ductus arteriosus hya- 
line membrane disease, 1149 
Contrast echocardiography in right coronary artery to 
right ventricular fistula (a), 983 
Echocardiographic diagnosis of coarctation of aorta. 
Echocardiographic-angiographic correlations (a), 
1204 
Heart and lungs in total anomalous pulmonary venous 
return in infancy (a), 1010 
Reconstruction of right ventricular outflow tract in 
(a), 594 
Subclavian artery aneurysm: complication of Blalock- 
Taussig anastomosis (c), 1181 
Total anomalous pulmonary venous connection (a), 1203 
Two-dimensional echocardiographic findings in atrial 
septal defect (a), 595 
Ventricular septal defect (a), 200 
Heart, radionuclide imaging 
Myocardial uptake of 99mTc pyrophosphate in clinical 
exercise-induced ventricular ischemia (a), 209 
Practical atlas of cardiac scintigraphy (b), 417 
Technetium etidronate and pyrophosphate for acute 
myocardial infarct imaging (a), 603 
Heart, ultrasound 
Contrast echocardiography in right coronary artery to 
right ventricular fistula (c), 983 
Cross-sectional echocardiography in congenital heart 
disease (a), 199 
Echocardiogram limitations in valvular vegetations 
with mitral valve prolapse (a), 595 
Echocardiographic-angiographic diagnosis and correla- 
tions of coarctation of aorta (a), 1204 
Echocardiographic measurement of right ventricular 
wall thickness (a), 404 
Echocardiography of right ventricular tumors (a), 595 
Evaluation of left ventricular size and function by 
echocardiography (a), 595 
Fetal echocardiography (ex), 395 
Pediatric echocardiography (b), 1213 
Pressure in echocardiographic evaluation of fixed 
left ventricular outlet obstruction in children (a), 


595 
Right ventricular compression in cardiac tamponade 
(a), 1204 


Two-dimensional echocardiographic findings in atrial 
septal defect (a), 595 

Hemangioendothelioma, see organ or region 
Hemangiooericytoma, see organ or region 
Hemihypertropbhy, €see organ or region 
Hemophilia 

Chondrocalcinosis and (a), 599 
Hemorrhage, see under disease, organs, and systems 
Hepatoma, see liver 
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Hernia 
Childhood hiatal (a), 201 
Hiatus, and respiratory tract (a), 1009 
Inguinal, of ureter (a), 601 
Transverse colon in adult umbilical, 57 
Hip 
Acute chondrolysis complicating slipped capital femo- 
ral epiphysis, 945 
Adult, anatomic study (ex), 389 
Chondrolysis following slipped capital femoral epi- 
physis (ex), 399 
Femoral neck fractures following water-soluble myelo- 
graphy induced spinal seizures (a), 1013 
Gross hematuria: complication of intrapelvic cement 
intrusion in total, replacement, 327 
Slipped femoral capital epiphysis as sequela to irra- 
diation (a), 1206 
Traumatic osteonecrosis of femoral head following in- 
tracapsular fracture (a), 407 
Histiocytosis, see also neoplasm 
Widespread bone involvement in sinus (a), 208 
Hodges, Fred Jenner (o), 591 
Hodgkin's disease, see also lymphoma 
CT in staging of, and non-Hodgkin's lymphomas (a), 
207 
Hematologic neoplasia in patients treated for (a), 
810 
Relapse in previously treated, retrograde transdia- 
phragmatic extension (a), 604 
Retroperitoneal ultrasonography in, and non-Hodgkin's 
lymphoma (a), 603; (a), 809 
Hyaline membrane disease, see respiratory distress syn- 
drome 
Hyperinsulinism, see pancreas 
Hyperparathyroidism, see parathyroid 
Hypertension, see specific organ 
Hyperthermia 
Applicator design and microwave frequency selection 
for whole-body equipment (a), 188 
Chemotherapy with, or x-rays (a), 190 
Combined 433 megahertz microwave therapy and radia- 
tion therapy on patients with advanced cancer (a), 
1211 
Combined 434 MHz E.M.W. and x-ray therapy (a), 191 
Conference on clinical prospects for hypoxic cell 
sensitizers and, 185 
Effects on normal tissues (a), 188 
Heat distributions in irradiated volumes (a), 189 
Heat treatment of tumors (a), 188 
Induced toxicity of hypoxic cells by electron-affinic 
agents, e.g. misonidazole (a), 186 
Influence of microenvironmental conditions on sensi- 
tivity to, or radiation (a), 187 
Interactions of radiation and, in vitro (a), 187 
Melanomas and sarcomas (a), 191 
Physiologic limitations of whole body (a), 189 
Radiation and, in management of neoplastic disease 
(a), 187 
Radiation response of jejunal mucosa and (a), 186 
Radiation and, sequence effects in vitro (a), 187 
Regional or whole-body, adjunctive with radiotherapy 
(a), 191 
Sensitivity of human cancer to heat (a), 187 
Simple, and 434 MHz effects (a), 188 
Solid tumors treatment by radiofrequency heating (a), 
189 
Therapeutic ratio using, plus x-rays (a), 188 
Thermotherapy (a), 189 
Tumors in mice using hypoxic cell sensitizers, C. 
Parvum, and (a), 186 
Ultrasound and (a), 189 
Hypothalamus, see brain 
Hypotonic duodenography, see duodenum 
Hypoxic cell sensitizers 
Clinical experience with metronidazole and misonida- 
zole (a), 190 
Clinical experience with misonidazole (a), 190 
Clinical use of (a), 190 
Conference on the clinical prospects for, and hyper- 
thermia, 185 
Cytotoxicity of, in multicellular spheroids (a), 185 
Electron affinic sensitizers using an in vitro tumor 
model (a), 185 
Elimination of hypoxic problems by 5-Thio-D-Glucose 
and inhibitors of glycolysis (a), @85 
Fractionated doses (a), 186 
High-LET radiation and/or (a), 186 
Hyperthermia-induced toxicity of hypoxic cells by 
electron-affinic agents, e.g. misonidazole (a), 186 


Radiosensitizing and toxicity properties of misonida- 
zole (a), 186 


Tumors in mice using, hyperthermia, and C. Parvum (a), 


186 
Hysterography, see uterus 
Hysterosalpingography, see uterus 


Ileocecal valve, see colon 
Ileum, see intestines 
Ilium, see pelvis 
Imaging, see computed tomography; radiography; radionu- 
clide imaging; thermography; ultrasound 
Immunology, see radioimmunoassay; therapeutic radiology 
Intervertebral disc, see spine 
Intestine, see also appendix; duodenum; gastrointesti- 
nal tract 
Immunoglobulin deficiency diseases of (a), 597 
Myxedema pseudoobstruction (c), 175 
Neonatal intramural calcifications associated with 
bowel atresia (c), 999 
Radionuclide diagnosis of bleeding Meckel's diverti- 
culum in children (a), 1014 
Secondary neoplasms of small bowel (a), 805 
Selective intubation of afferent loop, 481 
Strangulating obstruction of bowel, 835 
Iodipamide 
Urinary excretion and patterns of protein binding (a), 
1205 
Iopanoic acid 
Massive (telepaque) overdose without ill effects (c), 
1174 
Ischium, see pelvis 
Islands of Langerhans, see pancreas 


Jaw, see mandible 

Jejunum, see intestine 

Joints, see also individual joints; arthritis 
Amyloid arthropathy (a), 806 
Articular disease (ex), 391 
Bony proliferation of terminal toe phalanges in psor- 

iasis (a), 599 

Charcot, migrating bone shards, 1133 
Chondrocalcinosis and hemophilia (a), 599 
Osteochondral fractures (ex), 389, 651 
Streptococcal skeletal infections in infants, 465 
Synovial osteochondromatosis (a), 407 


Keloids, see skin 
Kidney, see also urinary tract; urography; renal angio- 

graphy 

Adult-onset acute bacterial nephritis (a), 583 

Ascending uretero-pyelography in renal failure (a), 
1011 

Brush biopsy of pyelocalyceal lesions (a), 581 

Collecting system dilatation after nephrectomy in 
growing child (a), 584 

CT (ex), 401; (a), 598 

Furosemide-augmented intravenous urography in essen- 
tial hypertension, 257 

Hydronephrosis of lower pole of duplex, 967 

Lipomatous pseudotumors of renal sinus (a), 1011 

Nephrogram, blotchy (ex), 397 

Percutaneous nephrostomy, 75; (a), 584 

Perinephric fat secondary to diffuse retroperitoneal 
infiltration (ex), 397 

Phlebography of left renal and left testicular vein 
(a), 201 

Potter's syndrome in newborns with respiratory dis- 
tress (a), 581 

Pulmonary-renal syndrome, 1141 

Renal milk of calcium associated with hydronephrosis 
(c), 572 

Renal trocar-cannula unit (a), 584 

Renal vein thrombosis: intrarenal calcification in 
newborn (a), 1209 

Renal vein valves, 927 

Replacement lipomatosis (a), 582; 1087 

Ultrasonic detection of nonopaque calculi (a), 583 

Ultrasound of solid renal lesions (a), 412 

Unilateral polycystic kidney disease (c), 1165 

Wegener's granulomatosis, 233 

Wegener's granulomatosis in pediatric age group (a), 
1208 


Kidney, angiography 


Failure of steel coil occlusion in hypernephroma (c), 
556 


h, 


"T 
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Pheochromocytoma and ipsilateral carcinoma by (c), 
553 
Kidney, cysts 
CT of fa), 584 
Transit of contrast material into renal cysts (a), 
584 
Unilateral polycystic kidney disease (c), 1165 
Kidney, neoplasm 
Calcification in primary and metastatic Wilms' tumor 


(c), 783 
Failure of steel coil occlusion in hypernephroma (c), 
556 


Pheochromocytoma and ipsilateral renal carcinoma by 
angiography (c), 553 
Kidney, radionuclide imaging 
99mTc sulfur colloid accumulation in renal transplant 
patients (a), 413 
Kidney, ultrasound 
Calculi, 261 
Hepato-renal relationships (a), 583 
Renal carbuncle (a), 1210 
Renal tumor extension into inferior vena cava, 1083 
Knee 
Arthrographic, clinical, and physical analysis of 100 
problem knees (a), 408 
Arthrography and ultrasonography for detection of Ba- 
ker's cysts (a), 1206 
Bursal abnormalities in rheumatoid arthritis (a), 599 
Double contrast arthrography in children (a), 203 
Fragmentation of patella in spastic cerebral palsy 
(a), 599 
Lateral view of patella, examination of femoral-pa- 
tellar joint (a), 202 
Popliteal fossa (ex), 393 
Tibial plateau topography (a), 407 
Krypton 
81mKr ventilation and 99mTc perfusion scans in chest 
disease, 421 


Lacrimal gland 
Radiologic anatomy of tear ducts in neonates (a), 809 
Larsen's syndrome, see bone; face; joints 
Larynx 
Chest film before laryngography (1), 588 
Integrated management of supraglottic carcinoma (a), 
1211 
Lectures 
Neuhauser: neurofibromatosis in children, 615 
Lens, see eye 
Letters 
Breast cancer screening, 198 
Cl-C2 puncture grid, 198 
Catheter venography, 403 
Chest film before laryngography, 588 
Clean colon: whose responsibility?, 403 
Diffuse idiopathic skeletal hyperostosis, 588 
Early lesions on Crohn's disease, 800 
Electrocardiographic response to urography, 800 
Gallstone fissures, 198 
Lead apron modification, 801 
Perforation of pharynx, 588 
RAPORT system, 589; 1202 
Target-shaped echo pattern, 1006 
Leukemia 
Acute, after alkylating-agent therapy of ovarian can- 
cer (a), 210 
Lidocaine, paradoxic response to intraarterial lido- 
caine analgesia (c), 360 
Liposarcoma, see under organ 
Liver, see also bile ducts 
Abdominal contrast tomography (a), 202 
Arteriovenous shunts (ex), 396 
Minilaparotomy as aid to diagnosing disease (a), 805 
Liver, angiography 
Echography and, in vascular focal nodular hyperplasia 
(e, Vir 


Schistosomiasis: intrahepatic shunting and extrahepat- 


ic portal vein occlusion (a), 565 
Liver, computed tomography 
CT (a), 1204 
CT in circumscript, disease, 711 
Gray scale ultrasonography, radionuclide imaging, and 
(a), 597 
Liver, radionuclide imaging 
CT, gray scale ultrasonography, and in space-occupy- 
ing processes (a), 597 
Gray scale ultrasound and, of focal hepatic lesions 
(a), 208 


Radionuclide liver spots: indicator of blood flow 
phenomenon, 291 
Xenon-133 accumulation in hepatic steatosis (a), 414 
Liver, ultrasound 
CT, radionuclide imaging, and gray scale, in space- 
occupying processes (a), 597 
Evaluation of neovlasms (a), 413 
Gray scale evaluation of cystic disease, 849 
Normal and abnormal hepato-renal relationships: gray 
scale (a), 583 
"Parallel channel" sign of biliary tree enlargement, 
279 
Radionuclide imaging and, of focal lesions (a), 208 
Lungs, see also pleura; respiratory distress syndrome 
Abnormal vessels mimicking, disease (ex), 394 
Airway obstruction by heart and pulmonary vessels 
(a), 601 
Aspiration of stomach contents (a), 803 
Chest film before laryngography (1), 588 
Closed lung biopsies (a), 802 
Corticosteroids in treatment of gastric aspiration 
(a), 802 
Cutting aspiration needle for, biopsy, 899 
Disorders of, with Sjogren's syndrome (a), 404 
Iatrogenic chest complications in newborn (ex), 399 
8lmKr ventilation and 99mTc perfusion scans in chest 
disease, 421 
Left inferior pulmonary ligament (ex), 394 
Organ physiology: structure and function of the lung 
with emphasis on roentgenology (b), 212 
Peribronchial cuffing in edema (a), 1203 
Preoperative chest x-rays in children (a), 1209 
Pulmonary laceration by blunt trauma (a), 802 
Radiologic recognition of bronchopleural fistula (a), 
593 
"Saber-sheath" trachea: relation to chronic obstruc- 
tive disease, 441 
Small nodules, radiologic-pathologic correlation, 223 
350 kVp chest radiography: comparison with 120 kVp, 
859 
Lungs, diseases 
Allergic bronchopulmonary aspergillosis (ex), 394 
Arteriovenous malformations, fistula as complication 
of trauma (c), 1178 
Bronchiectasis in heroin addiction (ex), 390 
Bronchopulmonary dysplasia (a), 207 
A corner is turned (e), 585 
Cystic fibrosis, unusual radiographic manifestations 
(a), 411 
Emphysema, radiographic appearance of chest, 429 
Familial chronic obstructive, 593 
Patent ductus arteriosus hyaline membrane disease, 
1149 
Persistent interstitial pulmonary emphysema: compli- 
cation of respiratory distress syndrome (a), 207 
Pulmonary-renal syndrome, 1141 
Silicosis in slate pencil workers (a), 199 
Thromboembolism and infarction (ex), 393 
Wegener's granulomatosis in pediatric age group (a), 
1208 
Wegener's granulomatosis, radiography features, 233 
Lungs, infection 
Adult aspiration pneumonia (ex), 394 
Cardiorespiratory failure with pneumonectomy for tu- 
berculosis: effects of thoracoplasty (a), 593 
Coccidioioides immitis infection (a), 802 
Early-onset group B streptococcal (a), 602 
Heterophil-negative mononucleosis and like illnesses 
(a), 1014 
Hiatus hernia and respiratory tract (a), 1009 
Interstitial pneumonitis in immunocomvromised chil- 
dren (a), 207 
Lower respiratory tract viral disease in infants and 
children, 29 
Miliary tuberculosis in children and adults (a), 594 
Pertussoid eosinophilia pneumonia (a), 207 
Pneumocystis carinii pneumonia (a), 1009 
Pneumocystis carinii pneumonitis, successful chemo- 
prophylaxis (a), 1009 
Primary coccidiodomycosis in children with massive 
pleural effusion, 247 


Pulmonary aspergillomas, surgical treatment (a), 1009 
Pulmonary histoplasmosis (ex), 394 
Pulmonary nodules in acute atypical measles (ex), 399 


Tuberculosis, ogngenital (c), 994 
Tuberculosis: unusual radiographic findings (ex), 393 
Lungs, neoplasm 
Bronchioloalveolar carcinoma: two clinical entities, 
one pathologic diagnosis, 905 
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Cancer, earliest roentgenographic features (ex), 394 
Cancer, supraclavicular area in radiotherapeutic man- 
agement (a), 1211 
Cancer, treatment of locally advanced (a), 209 
Cystic disease associated with carcinoma (ex), 395 
Distant metastases from squamous cell carcinoma of 
the upper respiratory and digestive tracts (a), 
211 
Intrapulmonary metastatic neuroblastoma (ex), 394 
Living with lung cancer (b), 416 
Multiple metastases, surgical management (a), 1009 
Pulmonary metastases, computed and conventional whole 
lung tomography in detection of (ex), 395 
Radiation-induced carcinoma of (a), 802 
Secondary hypertrophic osteoarthropathy (c), 561 
Tumorography and hilar lymph adenography: cancer 
diagnosis (a), 593 
Lungs, radionuclide imaaina 
8lmKr ventilation and 99mTc scans in chest disease, 
421 
Scintigraphic diagnosis of experimental pulmonary em- 
bolism with In-111 labeled platelets (a), 603 
Lupus erythematosis 
Overlapping features of scleroderma, rheumatoid arth- 
ritis, and systemic (ex), 393 
Lymphangiography, see lymphography 
Lymph nodes, see also Hodgkin's disease; lymphography; 
lymphoma 
Acute epitrochlear lymphadenitis (a), 1209 
Angioimmunoblastic lymphadenopathy: mediastinal nodal 
enlargement (c), 1186 
Giant mediastinal hyperplasia (Castleman's disease), 
447 
Internal mammary lymphoscintigraphy in breast carci- 
noma (a), 414 
Plasma cell giant, hyperplasia responding to radia- 
tion therapy (c), 169 
Lymphography 
Dorsal pedal lymph vessel identification of without 
blue-dye (ex), 390 
Localized carcinoma of prostate (a), 1018 
Ovarian epithelial cancer (a), 598 
Scalene node metastases, detection of from cervical 
carcinoma (c), 371 
Lymphoma, see also Hodgkin's disease 
American Burkitt's, roentgenographic features (ex), 
399 
Mycosis fungoides, curative radiotherapy (a), 810 
Lymphoma, non-Hodgkin's 
CT in staging of Hodgkin's disease and (a), 207 
Retroperitoneal ultrasonography in Hodgkin's disease 
and (a), 603; (a), 809 
Staging of untreated, by laparoscopy and laparotomy 
combined with marrow biopsy (a), 1017 


Macroradiography, see radiography 
Mammography, see also breast neoplasm 


Basic concepts of xeromammographic image analysis (ex), 


391 

Breast cancer screening (1), 198 

Can diagnostic examinations be effectively modeled? 
(a), 379 

Comparison of laboratory and clinical evaluations of 
screen-film systems (a), 379 

Compression in specimen xeromammography (t), 377 

Contact spot xeromammography in early diagnosis of 
breast cancer, 1159 

Image quality (a), 809 

Irregularity of silastic breast implants mimicking 
soft tissue mass, 461 

Magnification film (a), 809 

Mechanical double slit (ex), 395 

Microfocus magnification techniques (ex), 396 

Negative modality in xeromammography (ex), 400 

Patterns and risk of breast cancer, 1157 


Projections, influence on detection of breast disease, 


349 

Screening for breast cancer by lateral view only (a), 
1209 

Special report: NIH/NCI consensus development meeting 
on breast cancer screening, 194 

SPIE technology utilization program: application of 
optical instrumentation in medicine, 379 

Traumatic fat necrosis, 119 * 

Vascularity of breast: quantitative approach using 
xeromammography (a), 412 

Xeromammographic and ultrasonic diagnosis of trauma- 
tic oil cyst (c), 1189 


Xeroradiography: breast calcifications (b), 812 

Xeroradiography: uncalcified breast masses (b), 812 

X-ray beam filtration (a), 384 

Mandible 

Cnronic sclerosing osteomyelitis of, differential 
diagnosis from fibrous dysplasia (a), 203 

Lesions in childhood (ex), 398 

Malignant diseases in (a), 203 

Mediastinum 

Angioimmunoblastic lymphadenopathy: cause for, nodal 
enlargement (c), 1186 

Benign developmental cysts of (a), 199 

CT of anterior, in patients with myasthenia gravis, 
239 

Giant mediastinal lymph node hyperplasia (Castleman's 
disease), 447 

Lateral chest film revisited (ex), 389 

Pericardial cysts (a), 803 

Radiological aspects of granuloma (ex), 393 

Retrotracheal abnormalities in esophageal carcinoma, 


719 
Retrotracheal line as guide for therapy of esophageal 
carcinoma (ex), 395 


Vascular causes of, masses (ex), 394 
Medulla oblongata, see brain 
Medullary sponge kidney, see kidney 
Megacolon, see colon 
Megalencephaly, see brain 
Meglumine iodipamide, see iodipamide 
Meninges, see arachnoid 
Meningioma, see brain 
Menisci, see knee 
Metaphyses, see bone 
Metrizamide 
Cerebral angiography with nonionic, and ionic (meglu- 
mine metrizoate) watersoluble contrast media (a), 
599 
Comparison with other myelographic agents (a), 1014 
CT cisternography: pediatric applications (a), 809 
Myelography, 499 
Pediatric myelography (a), 808 
Spinal anomalies in children studied with, 400 
Microangiography, see angiography 
Mitral valve, see heart 
Mongolism, see Down's syndrome 
Moyamoya disease, see arteries 
Mucolipidosis, see bone, diseases 
Mucopolysaccharidosis, see bone, diseases, 
Mucoviscidosis, see organ 
Myasthenia gravis 
CT of anterior mediastinum in patients with, 239 
Myelography 
Acute cauda equina syndrome (a), 409 
Cl-C2 puncture grid (1), 198 
Femoral neck fractures following water-soluble 
myelography induced spinal seizures (a), 1013 
Metrizamide and other myelographic agents (a), 1014 
Metrizamide in pediatrics (a), 808 
Oil myelogram after operation for lumbar disc (a), 
206 
Positive and negative contrast, in spinal trauma (a), 
202 
Postmyelographic arachnoiditis and concentration of 
meglumine iocarmate in primates, 313 
Sequelae of metrizamide, 499 
Myelomeningocele, see spine 
Myelopathy, see spine 
Myocardium, see heart 


Navicular bone, see wrist 
Neck 
Retropharyngeal tendinitis, 1137 
Necrotizing enterocolitis, see colitis 
Neoplasm, see also radiobiology; therapeutic radiology; 
under organs, regions, and individual neoplasms 
Cancer: diagnosis, treatment and prognosis (b), 605 
Cancer management (b), 212 
Chemotherapy of solid tumors (b), 1022 
Distant metastases from squamous cell carcinoma of 
upper respiratory and digestive tracts (a), 210 
Hematologic neoplasia in patients treated for Hodg- 
kin's disease (a), 810 
Living with lung cancer (b), 416 
Pediatric oncologic radiology (b), 1021 
Neuroblastoma, see under organ 
Neurofibromatosis 
In children: Neuhauser lecture, 615 
Pedicle in, 675 
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Neuroradiology, see brain; nerves; radiology, spine 
Neutrons 
Dosimetry for biology and medicine (b), 213 
Preliminary clinical results for U.S. teletherapy 
studies (a), 810 
Non-Hodgkin's lymphoma, see lymphoma, non-Hodgkin's 
Nose 
Arteries, 89 
Hemangiopericytoma-like intranasal tumors (a), 208 
Injuries: interpretation and clinical relevance (a), 
208 
Tomography in expansile lesions of nasal and para- 
nasal and, (a), 807 
Nuclear Medicine 


Financial operation and management concepts in nuclear 


medicine (b), 211 


The hospital preparation of radiopharmaceuticals (b), 


1214 


Nuclear medicine focus on clinical diagnosis (b), 417 


Quality control in nuclear medicine (b), 1214 
Systematization of diagnostics (a), 209 
1977 year book of nuclear medicine (b), 813 
Nuclides, see radionuclides; under individual radio- 
nuclides 


Obituaries 
Hodges, Fred Jenner, 591 
Sheratt Clifford L., 1008 
Stevenson, Clyde A., 1007 
Wolf, Bernard S., 592 
Observer performance, see radiographs; radiography 
Obstetrics, see pregnancy; uterus 
Occlusion, see thrombosis; embolism 
Oculoauriculovertebral syndrome, see ear; eyes; spine 
Optic nerve 
Glioma: radiation therapy (a), 1017 
Oral cavity 
Persistent carcinoma of oropharynx and, retreated by 
after-loading interstitial 1921r implant (a), 209 
Orbit 
CT of exopthalmos, coronal sections (a), 203 
CT scanning and ultrasonography (a), 1207 
Superior opthalmic vein by high resolution CT (a), 
600 
Thrombosis of intraorbital veins and cavernous sinus 
(a), 206 
Ossicles, auditory, see ear 


Osteoarthritis, see arthritis; under names of bones and 


joints 
Osteodystrophy, see bone, metabolic abnormalities 
Osteomyelitis, see bone, infection 
Osteoporosis, see bone, metabolic abnormalities 
Osteosarcoma, see bone, neoplasm 
Osteotomy, see bone 
Ostium primum defect, see heart, abnormalities 
Otolaryngology, see ear 
Ovary 
Food artifacts simulating neoplasm (c), 789 
Lymphangiography in patients with epithelial cancer 
(a), 
Mass, bone metastases, and breast lesion (c), 1163 
Patency of oviducts using 133 Xe scintigraphy (a), 
810 
Selective uterine angiography and vascular anatomy 
(a), 598 


Pacemakers, see heart 
Paget's disease 
Activity of (a), 1012 
Pancreas 
Calcifications within duct of Wirsung in calcific 
pancreatitis (ex), 396 
Carcinoma diagnosis by endoscopic retrograde cholan- 
giopancreatography (a), 405 
CT of normal (a), 597 
Dilated duct: ultrasonic evaluation (a), 1204 
Endoscopic retrograde cholangiopancreatography and 
angiography in diagnosis of carcinoma, 683 
Endoscopic retrograde pancreatico-cholangiography 
(ERCP) (b), 1019 
Oral cholecystography after alcoholic pancreatitis 


(a), 406 
Pancreatitis or carcinoma? Analysis of echo pattern 
(ex), 401 


Percutaneous fine needle aspiration biopsy following 
ERCP (a), 596 
Pseudocysts, development and spontaneous regression 


documented by ultrasound (a), 1015 
Pseudocysts: ultrasound features, 265 
Radiographic manifestations of cystic fibrosis (a), 
411 
Small resectable carcinoma (a), 405 
Papillary necrosis, see kidney 
Paraganglioma, see organs 
Parathyroid 
Localization of primary hyperparathyroidism by four 
vessel thyroid arteriography (a), 602 
Tracheal overlap: sign of adenomas in mediastinum (t), 
1197 
Parietal bone, see skull 
Patella, see knee 
Pediatric radiology, see specific procedures and diseases 
Pelvis, see also sepcific bones, organs 
Dominican Republic conjoined twins: ischiopagus, 
tetrapus, omphalopagus, 921 
Male urethral injury in fractured (a), 582 
Osteomyelitis in children (a), 1209 
Sacrococcygeal teratomas (a), 1208 
Soft tissue shadows, 493 
Ultrasound of gynecologic pelvic masses (a), 810 
Pericardium 
Angiocardiographic differentiation of constrictive 
pericarditis and restrictive cardiomyopathy due to 
amyloidosis, 451 
Cysts (a), 803 
Changed spectrum of purulent pericarditis (a), 803 
Periostitis, see bone 
Peritoneum 
Cerebrospinal fluid intraperitoneal cyst: abdominal 
mass (c), 568 
Pharynx 
Contrast nasopharyngography (a), 1210 
Perforation of (1), 588 
Pheochromocytoma, see organ 
Phlebography, see venography 
Phocomelia, see finger; other extremities 
Pineal gland 
Calcification within (a), 808 
Pituitary gland 
Childhood Cushing's disease with pituitary irradia- 
tion (a), 603 
Pluridirectional tomography of tumors, 105 
Pitressin, see Vasopressin 
Placenta 
Normal and abnormal (ex), 389 
Platyspondyly, see spine 
Pleura 
Aspergillosis (c), 164 
Chronic thickening: sign of asbestos exposure (ex), 
394 
Medial herniation of parietal, sign of pneumothorax 
neonates, 469 
Primary coccidioimycosis in children with massive 
effusion, 247 
Radiologic recognition of bronchopleural fistula (a) 


593 

Ultrasonic evaluation of radiographic opacities of 
chest, 1153 

Ultrasonography for evaluation of, opacities (a), 
1016 


Pneumatosis intestinalis, see intestine 
Pneumocystis carinii 
Interstitial pneumonitis in immunocompromised child- 
ren (a), 207 
Pneumonia (a), 1009 
Successful chemoprophylaxis (a), 1009 
Pneumoencephalography, see brain 
Pneumomediastinum, see mediastinum 
Pneumothorax, see pleura 
Polydactyly, see bone 
Polyphosphate, see under organs and regions 
Polyps, see organ 
Popliteal artery, see arteries 
Popliteal fossa, see knee 
Porencephaly, see brain 
Portal vein 
Gas and thrombus in (c), 1171 
Hepatic schistosomiasis: intrahepatic shunting and 
extrahepatic occlusion (c), 565 
Percutaneous transhepatic catheterization of (a), 405 
Pregnancy, see alsogfetus; placenta; radiation, injurious 
effects; radiobiology 
Fetal movement patterns: developmental milestones in 
utero, 537 
Normal and abnormal placenta: sonographic and patho- 
logic correlation (ex), 389 
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"Too large for dates," an ultrasonic differential (ex), 


401 
Ultrasonic imaging of normal intrauterine fetal anat- 
omy (a), 1016 
Ultrasonography in evaluation of ectopic (ex), 397 
Ultrasonography in obstetrics and gynecology (b), 
Sli: (b), 1212 
Ultrasound in antepartum diagnosis of conjoined twins 
and pericardial effusion (c), 578 
Ultrasound of the normal from 4-16 weeks gestation 
(a), 208 
Prostaglandin 
Prostaglandin El (PGEl) in angiography of tumors of 
extremities, 7 
Prostaglandin F2 alpha in selective visceral angio- 
graphy (a), 201 
Prostate 
Adenocarcinoma following 1251 implant and pelvic node 
dissection (a), 415 
Cancer detection by radioimmunoassay of serum prosta- 
tic acid phosphatase (a), 1017 
CT and transabdominal ultrasound in evaluation of 
(a), 598 
Lymphography in localized carcinoma (a), 604 
Needle biopsy after irradiation for stage C adenocar- 
cinoma (a), 209 
Radiation therapy of localized carcinoma (a), 604 
Urologic pathology: the prostate (b), 606 
Prune belly syndrome, see abdomen; urinary tract 
Pseudolymphoma, see lymphoma 
Pseudotruncus arteriosus, see heart, congenital abnor- 
malities 
Psoriasis 
Bony proliferation of terminal toe phalanges (a), 599 
Pubis, see also pelvis 
Pulmonary arteries, see lungs 
Pulseless disease, see arteritis 
Pyelography, see urography 
Pylorus, see stomach 
Pyrophosphate, see organ 


Radiation biology, see also neoplasms; radiation, in- 
jurious effects; and specific organs, regions, and 
diseases 

Alterations in whole saliva flow rate by fractionated 
radiotherapy, 145 

Carcinoembryonic antigen responses in radiotherapeu- 
tic patients (a), 1018 

Conference on clinical prospects for hypoxic cell 
sensitizers and hyperthermia, 185 

Modification of radiosensitivity of biological sys- 
tems (b), 417 

Radiation, injurious effects, see also therapeutic 

radiology, complications 
Effect of radiation and contrast media on chromosomes 
(a), 1018 
Radiation-associated thyroid carcinoma, 813 
Radiation-induced carcinoma of lung (a), 802 
Radiation measurement 
Environmental radiation measurements (b), 1213 
Neutron dosimetry for biology and medicine (b), 213 
Radiation physics 
American Association of Physicists in Medicine and 
American Institute of Ultrasound in Medicine in 
ultrasound instrument performance evaluation (a), 


384 

D-log E curve and relationship to lesion contrast for 
medical images (a), 381 

The fundamentals of x-ray and radium physics, 6th ed 
(b), 211 

Tne physical principles of diagnostic radiology (b), 
1020 

Radiologic physics: equipment and quality control 
(b), 1020 


SPIE technology utilization program: application of 
optical instrumentation in medicine, 379 
Radiation protection 
Programme radiation protection, annual report 1976 
(b), 213 
Radiation protection design guidelines for 0.1-100 
MeV particle accelerator facilities (b), 1022 
Radiation therapy, see therapeutic radiology 
Radiculography, see myelography » 
Radiographs, interpretation 
Detection accuracy in chest radiography (a), 387 
Diagnostic radiological health sciences learning 
laboratory (ex), 400 
Fatigue and alcohol on observer perception, 971 


Measurement and characterization of radiographic 
observer performance (a), 382 

Radiologic decision making and physical image proper- 
ties (a), 381 

RAPORT system (1), 589; (1), 1202 

SPIE technology utilization program: application of 
optical instrumentation in medicine, 379 

Variation in measurement of coronary lesions on 35 
and 70 mm angiograms, 913 

Visual perception limits in angiography (a), 381 


Radiography, see also specific organs and procedures 


Atlas of xeroradiography (b), 211 

Comparison of 350 kVp chest, with 120 kVp, 859 

Craniocaudal axial view of sacroiliac joint, 1125 

Direct magnification for skeletal radiology (a), 202 

Double-blind study of single and double contrast 
upper gastrointestinal examinations, 1041 

Femoral-patellar joint, lateral view of patella (a), 
202 

Image quality in mammography (a), 809 

Magnification film mamography (a), 809 

Manuel de techniques radiographiques du Crane (b), 
1021 

Measures of image quality (a), 381 

Philatelic pursuits in diagnostic radiology and re- 
lated physics (ex), 399 

Radiologic physics: equipment and quality control (b), 
1020 

SPIE technology utilization program: application of 
optimal instrumentation in medicine, 379 

Tantalum tracheography in upper airway obstruction, 35 


Radiography, apparatus 


Alternative to vendor supplied service (a), 383 

Diazotype radiographic duplicating system (a), 384 

Digital video acquisition system for extraction of 
subvisual information in diagnostic imaging (a), 384 

Effect of electron evaporation on x-ray tube current 
(A), 393 

Equipment acquisition procedures (a), 383 

Equivalent blur of intensifying screens (a), 382 

Fluoroscopic spot film camera systems (a), 383 

Image comparison from different screen/film combina- 
tions (a), 381 

Information content and contrast of rare-earth and 
calcium tungstate intensifying screens (a), 382 

In-house radiological engineering (a), 383 

New ANSI screen-film-processing sensitometry standard 
(a), 381 

Performance evaluation of falling load technique (a), 
383 

Processor control utilizing refrigerated preexposed 
control strips and visual comparative densitometry 
(a), 385 

Proximity x-ray intensifier tube (a), 384 

Quality assurance in diagnostic radiology and nuclear 
medicine (ex), 402 

Quality assurance survey of diagnostic ultrasound 
equipment in Washington, DC area (a), 385 

Reciprocity law failure in green sensitive x-ray films 
(a), 382 

Recommendation for quality assurance programs in 
diagnostic radiology facilities (a), 385 

Sensitometry in medical imaging (a), 382 

SPIE technology utilization program: application of 
optimal instrumentation in medicine, 379 

Standard for determining efficiency of fluorescent 
x-ray intensifying screens (a), 383 

Systems approach to acceptance testing of diagnostic 
x-ray equipment (a), 383 

Variation of x-ray tube potential with attenuator 
thickness in kVp variable automatic brightness 
Stabilization fluoroscopy (a), 384 


Radiography, exposures in diagnostic procedures, see 


also dosimetry 

Eye dose measurements using conventional and rare- 
earth screens during tomography (a), 206 

Film/screen combinations and patient exposures (a), 
382 

Lead apron modification (1), 801 

Radiation dose to lens during tomography (a), 205 

Radiation to physicians, patient, and paramedical 
personnel during cardiac and vascular special 
procedures (a), 1015 

Reduction in exposure: rare earth screens (t), 1195 

X-rays - more harm than good? (b), 416 


Radiology, practice 


ARRS presidential address: Accounting to society: 
radiologic concern for patient care, 221 
Cost-effectiveness considerations in evaluating new 
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tecnnology (a), 380 
Economic analysis of quality control program (a), 384 
From earlier pages, 586 
Human experimentation: regulations and ethics (e), 
1200 
RAPORT system (1), 589; (1), 1202 
SPIE technology utilization program: application of 
optical instrumentation in medicine, 379 
X-rays - more harm than good? (b), 416 
Radionuclide imaging, see also under organs 
Controllable paramenters of nuclear medicine images 
(a), 380 
Diagnosis and treatment of incorporated radionuclides 
(b), 212 
Film choices for nuclear images (a), 382 
Modular computer system for nuclear medicine/ultra- 
sound laboratory (a), 414 
Quality assurance in diagnostic radiology and nuclear 
medicine (ex), 402 
Quantitative thyroid fluorescent scanning, 517 
SPIE technology utilization program: application of 
optical instrumentation in medicine, 379 
Radionuclides, therapy, see therapeutic radiology 
Radiopharmaceuticals 
Hospital preparation of radiopharmaceuticals (b), 1214 
Quality control in nuclear medicine (b), 1214 
Radiosensitivity, see also radiobiology 
Conference on clinical prospects for hypoxic cell sen- 
sitizers and hyperthermia, 185 
Modification of radiosensitivity of biological systems 


(b), 417 
Radius 
Congenital pseudoarthrosis, 955 
Rectum 


Barium granuloma of (a), 804 
Reflux, see stomach; ureters 
Renal angiography, see kidney; angiography 
Renal arteries, see kidney 
Respiratory distress syndrome 
Bronchopulmonary dysplasia (a), 207 
Chest film diagnosis of patent ductus arteriosus 
hyaline membrane disease, 1149 
Persistent interstitial pulmonary emphysema (a), 207 
Potter's syndrome diagnosis by voiding cystourethrog- 
raphy in newborns with, (a), 581 
Respiratory tract, see under names of individual organs 
Retroperitoneum 
CT of (ex), 401 
Sonography in retroperitoneal fibrosis (a), 1210 
Roentgenograms, see radiographs; radiography 


Sacrum, see also pelvis 
Sacrococcygeal teratomas (a), 1208 
Sacroiliac joint, craniocaudal axial view, 1125 
Salivary glands 
Alterations in whole saliva flow rate by fractionated 
radiotherapy, 145 
Calcinosis (a), 411 
Carcinoma of major and minor, (a), 1211 
Electron beam treatment of malignant, (a), 1017 
Sialography of, tumors with fluoroscopy and tomogra- 
phy, 941 
Sarcoma, see specific organs 
Scintigraphy, see radionuclide imaging 
Scleroderma 
Overlapping features of, systemic lupus erythematosis, 
and rheumatoid arthritis (ex), 393 
Screens, see radiography, apparatus 
Scrotum 
Ultrasound in evaluating masses (a), 1210 
Sella turcica 
In childhood nypothyroidism (a), 602 
Semilunar cartilages, see knee 
Sheratt, Clifford L. (o), 1008 
Snields, see therapeutic radiology, apparatus 
Shoulder 
Double contrast arthrogram (ex), 390 
Septic arthritis of glenohumeral joint (a), 1207 
Trough line: sign of posterior dislocation, 951 
Upper extremity trauma (ex), 389 
Sigmoid, see colon 
Sinuses, nasal 
Eye dose measurements using conventional and rare- 
earth screens during tomography of paranasal (a), 
206 
Malignant tumors (ex), 392 
Paranasal, aeration (ex), 392 
Sphenoidal in childhood (ex), 398 
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Skeleton, see bone 
Skin 
Curative radiotherapy in mycosis fungoides (a), 810 
Pilomatrixoma (calcifying epithelioma of Malherbe) 
(a), 206 
Skull 
Cranial chondrosarcomas (a), 601 
Cranial chordomas (a), 408 
Cranial sutures and childhood hyperthyroidism (ex), 
391 
Seizures and demineralization, diagnostic presenta- 
tion of rickets (a), 601 
Small bowel, see intestine; gastrointestinal tract 
Society for Pediatric Radiology 
Parts and wholes: the Society and the general radio- 
logic community (e), 799 
Society of Photo Optical Instrumentation Engineers 
Technology utilization program: application of optical 
instrumentation in medicine, 379 
Soft tissue 
Angiography of extremity masses in children, 1119 
CT in sarcomatous tumors of thigh, 115 
Myxofibrosarcoma (a), 806 
Pilomatrixoma (calcifying epithelioma of Malherbe) 
(a), 206 
Prostaglandin Ei (PGE, ) in angiography of tumors of 
extremities, ~7 
Sphemoid sinus, see sinuses, nasal 
Spinal cord, see also arachnoid; meninges; myelography 
Bucrylate in paraspinal arteriovenous malformations, 
99 


Ependymoma (a), 415 
Myelography with acute cauda equina syndrome (a), 409 
Positive and negative contrast myelography in trauma 
(a), 202 
Postmyelographic arachnoiditis and concentration of 
meglumine iocarmate in primates, 313 
Quadriplegia and paraplegia (ex), 393 
Spine 
Acutely traumatized cervical, (ex), 393 
Anomalies of, in children studied with metrizamide 
(ex), 400 
Cervical trauma (ex), 390; 659 
CT in lesions (ex), 392 
CT of lower lumbar vertebrae (a), 202 
Diffuse idiopathic skeletal hyperostosis (1), 588 
Dominican Republic conjoined twins: ischiopagus, 
tetrapus, omphalopagus, 921 
Football injury at level of third and fourth cervical 
vertebrae (a), 1012 
Fractures of thoracolumbar, in ankylosing spondylitis, 
485 
Herniated lumbar disc (a), 1013 
Hyperextension fracture-dislocation of cervical, (ex), 
393 
Intervetebral disc-space infection in children (a), 
1210 
Lateral hyperflexion injuries of cervical, (ex), 393 
Multiple levels of injuries (ex), 392; 665 
Normal movements of cervical, 317 
Oil myelogram after operation for lumbar disc (a), 206 
Pedicle in neurofibromatosis, 675 
Positive arthrography of craniocervical joints (a), 
408 
Retropharyngeal tendinitis, 1137 
Sagittal diameter of bony cervical spinal canal in 
children (ex), 1209 
Spondylolysis and spondylolisthesis in children (ex), 
399 
Spondylolysis demonstration by arthrography of apophy- 
seal joint (c), 986 
Symposium on the spine (b), 813 
Widened interspinal distance: sign of anterior cervi- 
cal dislocation (a), 202 
Spleen 
Angiographic diagnosis of benign and malignant tumors, 
339 
Nonoperative management of trauma in children (a), 602 
Wandering (ex), 397 
Spondylitis, see spine 
Staphylococci, see specific organs 
Stevenson, Clyde A. (0), 1007 
Stomach, see also gastrointestinal tract 
Acute gastric dilatation in neglected children, 297 
Afferent loop of,Billroth II stomach, tubeless hypo- 
tonic examination (a), 596 
Afferent loop, selective intubation, 481 
Collis-Belsey fundoplication (a), 1206 
Double channel pylorus, 1047 
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Double-contrast examination applying enzymatic mucino- 
lysis: delineation of areae gastricae (a), 596 
Gastric lesions by ultrasound (a), 1016 
Gastroesophageal reflux in infants and children, 47 
High density, low viscosity barium for fine mucosal 
detail, 831 
pH-tested reflux without hiatus hernia, 43 
Recurring gastric polyps following subtotal gastrec- 
tomy, 301 
Single and double contrast upper gastrointestinal ex- 
aminations, double-blind study, 1041 
Streptococci, see specific organs 
Subaortic stenosis, see heart 
Subtraction, see radiography 
Sutures, see skull 
Syndactyly, see fingers 
Syndrome, see by name 
Synostosis, see skull 
Synovitis, see arthritis 


Takayasu's arteritis, see arteritis 
Talus, see ankle 
Tantalum 
Tracheography in upper airway obstruction, 35 
Tarsus, see foot 
Tendon, see part, joint 
Terotoma, see organ or region 
Testis 
Left renal and left testicular vein, phlebography (a), 
201 
Nonseminomatous testicular tumors (a), 582 
Testicular artery, angiography (a), 200 
Tetralogy of Fallot, see heart, congenital abnormali- 
ties 
Therapeutic radiology, see also dosimetry; radiation, 
injurious effects; radiobiology; and organs and 
regions 
Alterations in whole saliva flow rate by fractionated 
radiotherapy, 145 
Plasma cell giant lymph node hyperplasia responding 
to radiation therapy (c), 169 
Preliminary clinical results for U.S. fast neutron 
teletherapy studies (a), 810 
Therapeutic radiology, apparatus 
Dose distribution patterns from cobalt-60 and varian 
clinac-4 beams, 151 
Therapeutic radiology, complications 
Acute skin reactions in postoperative breast cancer 
patients receiving adjuvant chemotherapy, 137 
Radiation-induced carotid artery disease (a), 1211 
Skin thickness in irradiated breast, 345 
Thoracic effects, 877 
Therapeutic radiology, techniques, see also organ or 
region 
Body scanner in radiotherapy treatment planning (a), 
415 
Conference on clinical prospects for hypoxic cell 
sensitizers and hyperthermia, 185 
Persistent carcinoma of oropharynx and oral cavity 
retreated by after-loading interstitial 1921r im- 
plant (a), 209 
Preliminary results of combined 433 megahertz micro- 
wave therapy and radiation on patients with ad- 
vanced cancer (a), 1211 
Thermography 
Vacuum contoured, liquid crystal, dynamic breast 
thermoangiography (ex), 401 
Thorax, see also specific organs and regions 
Actinomycosis (ex), 400 
Cardiac herniation with volvulus after pneumonectomy 
(c), 155 
Chest radiography, 350 and 120 kVp, 859 
Congenital retrosternal subluxation of clavicle 
simulating intrathoracic mass (c), 1184 
Diaphragmatic eventration in infancy and childhood 
(a), 808 
Lateral chest film (ex), 389 


Preoperative chest x-ray examinations in children 
(a), 1209 

Suprasternal fossa on radiographs in newborns, 745 

Transmural lipoma: demonstration by CT (c), 161 

Therapeutic irradiation, 877 

Ultrasonic evaluation of radiographic opacities, 1153 

Thromboembolism, see embolism; thromb@sis 

Ascending lower extremity phlebography (ex), 398 

Coronary neovascularity and fistula formation in mu- 
ral (a), 804 

Double inferior vena cava or iliac vein occlusion, 
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problem in radionuclide venograms, 529 
Intimal trauma production for vascular occlusion mo- 
Intraorbital veins and cavernous sinus (a), 206 
Lower extremity venous, and ascending phlebography 
(ex), 398 
Oral contraceptive use, complications (ex), 396 
Phlebographic study of venous thrombosis in foot, 751 
Popliteal vein, secondary to popliteal artery aneu- 
rysm, 25 
Technetium-99m-oxine and indium-lll-oxine labeled 
platelets: localization of venous thrombi and end- 
arterial damage (ex), 398 
Thumb, see fingers 
Thymus 
CT of anterior mediastinum in patients with myasthe- 
nia gravis, 239 
Thyroid 
123 I scanning and delineation of anterior nonfunc- 
tioning nodules (ex), 392 
Myxedema pseudoobstruction (c), 175 
Quantitative, fluorescent scanning, 517 
Radiation-associated thyroid carcinoma (b), 813 
Sella in childhood hypothyroidism (a), 602 
Tibia 
Acute bilateral symmetrical pathologic fractures of 
lateral plateaus in Gaucher's disease (a), 1207 
Fracture nonunion and ischemia (a), 1206 
Tomography, see also organs and specific types 
Abdominal in liver disease (a), 202 
Pluridirectional, of pituitary tumors, 105 
Trachea 
Carinal granuloma after endotracheal intubation (a), 
593 
Intragastric oxygen concentration in H-type tracheo- 
esophageal fistula (a), 602 
Pediatric tracheostomy, difficult decannulations, 893 
Pediatric tracheostomy, normal healing, 887 
"Saber-sheath": relation to chronic obstructive pul- 
monary disease, 441 
Tantalum tracheography in upper airway obstruction, 
35 
Transposition of great vessels, see heart, congenital 
abnormalities 
Treatment planning, see therapeutic radiology ` 
Trisomy, see Down's syndrome 
Trophoblastic disease, see organ or part 
Truncus arteriosus, see heart, congenital abnormalities 
Tuberculosis, see also under organ 
Cardiorespiratory failure with pneumonectomy for: 
effects of thoracoplasty (a), 593 
Congenital (c), 994 
CT in cranial, 769 
Genitourinary (a), 598 
Miliary in children and adults (a), 594 
Unusual radiographic findings, 867 


Ulcers, see peptic ulcer and under organ 
Ultrasound, see also under organs and regions 
Abdominal disease, CT and (a), 412 
Activities of the American Association of Physicists 
in Medicine and the American Institute of Ultra- 
sound in Medicine in ultrasound instrument perfor- 
mance evaluation (a), 384 
Gray scale ultrasound: a manual for physicians and 
technical personnel (b), 811 
Gynecology (ex), 398 
Hyperthermia and (a), 189 
Orthopedics (ex), 395 
Phased array real time (ex), 401 
Portable water bath for superficial, 275 
Pulse-echo transducer standardization and quality 
control (a), 385 
Quality assurance survey of equipment in Washington, 
DC area (a), 385 
SPIE technology utlization program: application of 
optical instrumentation in medicine, 379 
Standardization of instrumentation need (a), 385 
Tissue equivalent test objects for routine perfor- 
mance checks of pulse-echo equipment (a), 385 
UI Octoson, new class of echoscope (a), 810 
Ultrasonography in obstetrics and gynecology (b), 
Slis (bj), 1212 
Ureter 
Folds in proximal: normal variant in infants, 463 
Inguinal herniation (a), 601 
Injury (ex), 390 
Low grade obstruction (a), 582 
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Urethra 

Abnormalities in infants and children (ex), 391 

Male injury in fractured pelvis (a), 582 

Posterior valves (a), 406 

Pseudostricture (c), 570 

Urethrography in children with neurogenic bladder 
dysfunction (a), 806 

Urinary tract, see also specific urinary organs 

Alkaline encrusting cystitis (c), 575 

Ascending uretero-pyelography in renal failure (a), 
1011 

Bacterial counts after sexual intercourse (a), 1206 

Ectopic vas deferens, 1093 

Folds in proximal ureter: normal variant in infants, 
463 

Genitourinary tuberculosis (a), 598 

Gray scale ultrasound in detecting urinary tract ob- 
struction, 731 

Gross hematuria: complication of intrapelvic cement 
intrusion in total hip replacement, 327 

Postvoiding roentgenograms in intravenous urography 


(a), 1011 
The urinary tract (b), 1022 
Urography 
Ascending uretero-pyelography in renal failure (a), 
1011 


Electrocardiographic response to (1), 800 

Furosemide-augmented intravenous, in essential hyper- 
tension, 257 

In child who wets, 959 

Intravenous pyelography in arterial hypertension (a), 


805 

Postvoiding roentgenograms in routine intravenous 
(a), l01l 

Screen/film combination effect on diagnostic certain- 
ty, 83 


Uterus, see also pregnancy 
Angiography and vascular anatomy (a), 598 
Sonographic definition of intrauterine anomalies 


(ex), 398 
"Too large for dates," ultrasonic differential (ex), 
401 


Ultrasonography in obstetrics and gynecology (b), 
811; (b), 1212 

Ultrasound of normal pregnancy from 4-16 weeks gesta- 
tion (a), 208 

Uterus, neoplasm 

Cervical cancer treated by pelvic and extended field 
radiation after paraaortic lymphadenectomy, 141 

Endometrial carcinoma: analysis of failures with 
initial preoverative external pelvic radiation (a), 
1017 

Lymphangiographic detection of scalene node metasta- 
ses from cervical carcinoma (c), 371 

Small field irradiation for carcinoma of cervix (a), 


604 
V 


Vagotomy, see gastrointestinal tract 
Valsalva sinus, see aorta 
Varices, see also veins 

Double-blind study of esophageal barium pastes (a), 

1010 

Bucrylate in obliteration, 1 
Vascular sling, see pulmonary arteries 
Vas deferens 

Ectopic, 1093 
Vasopressin 

Angiographic complications (a), 594 


Colon blood flow in monkeys (a), 594 
Differential effects of pitressin on blood flow and 
oxygen extraction in canine vascular beds, 1025 
Effects of intravenous, on canine mesenteric arterial 
blood flow, bowel oxygen consumption and cardiac 
output, 1033 
Gangrene of feet associated with mesenteric intraar- 
terial vasopressin (c), 558; (erratum, 1202) 
Veins, see also angiography; embolism: arteriovenous 
malformations; portal vein; thrombosis; and organs 
Doppler ultrasonic assessment of venous disease (b), 
1213 
Double inferior vena cava or iliac vein occlusion, 
problem in radionuclide venograms, 529 
Gas and thrombus in portal (c), 1171 
Intracranial venous sinus thrombosis: diagnosis by CT 
(c), 978 
Pancreatic-renal anastomosis (a), 405 
Phlebography of left renal and left testicular (a), 
201 
Popliteal, thrombosis secondary to popliteal artery 
aneurysm, 25 
Renal thrombosis and intrarenal calcification in new- 
born (a), 1209 
Renal valves, 927 
Technetium-99m-oxine and indium-11l-oxine labeled 
platelets: localization of thrombi and endarterial 
damage (ex), 398 
Thrombosis of intraorbital, and cavernous sinus (a), 
206 
Vena cavae 
Double inferior, or iliac vein occlusion? 529 
Extended carboxyangiography (a), 1210 
Inferior, 533 
Left inferior (c), 366 
Radionuclide liver spots: indicator of blood flow 
phenomenon, 291 
Ultrasonic detection of renal tumor extension into 
inferior, 1083 
Venography, see also angiography; veins; organs and 
regions 
Ascending lower extremity phlebography (ex), 398 
Catheter venography (1), 403 
Lower extremity venous thrombosis and ascending phle- 
bography (ex), 398 
Occlusion phlebography (a), 803 
Phlebography study of thrombosis in foot, 751 
Ventricles, see brain; heart 
Ventricular septal defect, see heart, congenital abnor- 
malities 
Ventriculography, see brain; heart 
Vertebrae, see spine 
Vesicoureteral reflux, see ureter 
Volvulus, see specific organ 


WDHA syndrome 
Vasoactive intestinal polypeptide-secreting pheochro- 
mocytoma in patient with (c), 172 
Wolf, Bernard S. (o), 592 
Wilm's tumor, see kidney 


Xeroradiography 
Atlas of xeroradiography (b), 211 
Limits, 1015 
X-rays, see radiology; dosimetry; radiation; radiogra- 
phy; therapeutic radiology; and under diseases, 
organs, and regions 





Official Journal 
American Roentgen Ray Society 
American Radium Society 





Including Diagnostic Radiology » Radiation 
Oncology « Nuclear Medicine 
Ultrasonography » Related Sciences 


Editor Melvin M. Figley 


Assistant Editor Rosalind H. Troupin 


Associate Editors Luther W. Brady * Kenneth L. 
Krabbenhoft « E. Frederick Lang * Russell H. Morgan 


Consulting Editorial Board Kent Ellis e E. Robert 
Heitzman * Donald L. King * John A. Kirkpatrick, Jr. 
Eugene C. Klatte « John G. McAfee « Thomas H. Newton 
Robert G. Parker * Stewart R. Reuter * William B. 
Seaman * Robert J. Shalek * John Storer * Michel M. 
Ter-Pogossian * Joseph P. Whalen * David M. Witten 


Editorial Staff K. A. Murray, manager * M. B. 
Wieckowicz, manuscript editor « M. J. Leonard, as- 
sistant manuscript editor * C. P. Kaiser, secretary 


Published monthly by Charles C Thomas, 301-327 East Lawrence Avenue, 
Springfield, Illinois 62717. All correspondence, except editorial office 
business, should be addressed to the publisher. Annual subscription 
prices: United States and possessions, $40; others, $50; residents in 
training in U.S., $20 (letter from department required with dates of 
residency); single copies, $5. Foreign subscription delivery not guaran- 
teed. Undelivered or damaged copies replaced within 60 days of 
publication; 90 days for foreign subscribers. Allow 90 days for address 
changes. € 1977 by American eRoentgen Ray Society. Second- 
class postage paid at Springfield, Illinois, and at additional mailing 
offices. Printed in U.S.A. 


American Roentgen Ray Society 


President: Harry Z. Mellins 

President Elect: Paul A. Riemenschneider 
1st Vice-president: Joseph D. Calhoun 

2d Vice-president: Charles E. Bickham, Jr. 
Secretary: James F. Martin 

Treasurer: Harley C. Carlson 


COMMITTEES 1977-1978 


Executive Council: H. Z. Mellins. P. A. Riemenschneider, J. D. 
Calhoun, C. E. Bickham, Jr., J. F. Martin, H. C. Carlson, M. M. 
Figley, R. G. Evens, B. G. Brogdon, R. A. Gagliardi, E. Ged- 
gaudas, G. A. Kling, T. F. Leigh, S. F. Ochsner, J. F. Wiot, R. E. 
Buenger, E. C. Klatte, J. P. Tampas, J. L. Gwinn, chairman 


Finance and Budget: A. E. James, E. C. Klatte, R. McLelland, 
J. P. Tampas, R. G. Evens, chairman 


Publications: M. P. Capp, K. Ellis, F. F. Ruzicka, Jr., E. R. Heitz- 
man, R. A. Gagliardi, chairman 


Editorial Policy: M. M. Figley, E. F. Lang, R. H. Troupin, E. R. 
Heitzman, K. Ellis, F. F. Ruzicka, Jr., M. P. Capp, R. A. Gagli- 
ardi, chairman 


Advisory Committee on Education and Research: J. E. Youker, 
G. Wilson, G. W. Hartman, L. F. Rogers, E. Gedgaudas, chair- 
man 


Scientific Exhibits: T. C. Beneventano, G. Dodd, B. G. Brogdon, 
chairman 


Constitution and Bylaws: J. H. Walker, W. M. Whitehouse, J. P. 
Tampas, chairman 


American Board of Radiology Representatives: J. F. Roach, 
R. W. McConnell, S. W. Nelson 


Program Committee: H. Z. Mellins, J. F. Martin, J. L. Gwinn, 
M. M. Figley, R. A. Gagliardi, B. G. Brogdon, E. Gedgaudas, 
G. A. Kling, P. Riemenschneider, chairman 


Instruction Courses: E. Gedgaudas, director; G. W. Hartman, 
associate director 


American College of Radiology Board of Chancellors Repre- 
sentative: W. B. Seaman 


Annual Meeting: March 27-30, 1979, Sheraton Centre, Toronto, 
Canada 


Sclentific Program: P. A. Riemenschneider, president elect. 
Cottage Hospital, Santa Barbara, California 93105 


Manager Annual Meeting: George A. Kling, Harper Hospital, 
Detroit, Michigan 48201 


Membership: John L. Gwinn, 4650 Sunset Blvd., Los Angeles, 
California 90027 


Business Office: Keith W. Gundlach, comptroller, American 
College of Radiology, 20 North Wacker Drive, Chicago, Illinois 
60606 


American Radium Society 


President: Richard H. Jesse 
President Elect: Frederick W. George 
1st Vice-president: Ivor Fix 

2d Vice-president: John Durant 
Secretary: Alfred S. Ketcham 
Treasurer: Simon Kramer 


COMMITTEES 1977-1978 


Executive: F. Rutledge, L. W. Brady, R. H. Jesse, F. W. George, 
|. Fix, J. Durant, S. Kramer, A. S. Ketcham, V. Marcial, chairman 


Public Relations: C. Honaker, R. H. Jesse, chairman 


Publication: K. L. Krabbenhoft, A. F. Schroeder, G. Seydel, D. 
Hussey, A. Raventos, L. W. Brady, chairman 


Scientific Program: F. George, D. Johnson, M. Boone, P. 
Chretien, P. J. DiSaia, D. Hussey, R. C. Landgren, C. Perez, 
S. T. Cantril, R. H. Jesse, chairman 


Local Arrangements: J. Helsper, J. J. Romagosa, J. M. Thom- 
son, Jr., A. J. Ballantyne, S. Kramer, S. Ochsner, chairman 


Constitution and Bylaws: A. S. Glicksman, P. J. DiSaia, K. L. 
Krabbenhoft, chairman 


Audiovisual: C. R. Bogardus, J. Helsper, B. Herrington, L. 
Bloebaum, C. Honaker, F. George, chairman 


American Board of Radiology Representatives: J. J. Stein, 
R. E. King, N. duV Tapley 


American College of Radiology Board of Chancellors Repre- 
sentative: L. W. Brady 


American College of Radiology Council Representative: J. del 
Regato 


Editorial Board of AFCOS Newsletter Representative: J. Vaeth 


National Council on Radiation Protection and Measurements 
Liaison Representative: L. W. Davis 


Annual Meeting: April 26-30, 1978, Marriott Hotel, New Orleans, 
Louisiana 


Scientific Program: R. H. Jesse, M. D. Anderson Hospital, 6723 
Bertner Drive, Houston, TX 77030 


Local Arrangements: S. Ochsner, 1514 Jefferson Highway, New 
Orleans, LA 70121 


Membership: A. S. Ketcham, secretary, University of Miami 
School of Medicine, P.O. Box 520875 Biscayne Annex, Miami, 
Florida 33152 


Business Office: N. V. Jordan, c/o R. H. Jesse, M. D. Anderson 
Hospital and Tumor Institute, 6723 Bertner Avenue, Houston, 
Texas 77030 


ea a O naa E E 

Mailing Note. — The European mailing surcharge applies to the following countries. All receive Journal delivery via air freight to 
Europe. Algeria, Austria, Belgium, Czechoslovakia, Denmark, Finland, France, Germany, Great Britain, Greece, Hungary, India, Iran, 
Ireland, Israel, Italy, Kenya, Luxembourg, Netherlands, Nigeria, Norway, Portugal, Romania, South Africa, Spain, Sweden, Switzer- 


land, Turkey, Uganda, Yugoslavia. 





Vol. 


1 


194 


198 


CONTENTS VOLUME 130 iii 


130 January 1978 No. 1 
DIAGNOSTIC RADIOLOGY 
Isobutyl 2-Cyanoacrylate (Bucrylate) in Obliteration of Gastric Coronary Vein and Esophageal Varices. Lunderquist 
A, Bórjesson B, Owman T, Bengmark S 


Prostaglandin E, (PGE,) in Angiography of Tumors of the Extremities. Jonsson K, De Santos LA, Wallace S, Anderson 
JH 


Electromagnetic Rheoangiometry: An Extension of Selective Angiography. Kolin A, MacAlpin R, Stecke/ R 

Popliteal Vein Thrombosis Secondary to Popliteal Artery Aneurysm. Giustra PE, Root JA, Mason SE, Killoran PJ 

Radiologic Appearance of Viral Disease of the Lower Respiratory Tract in Infants and Children. Osborne D 

Tantalum Tracheography in Upper Airway Obstruction: 100 Experiences in Adults. Stitik FP, Bartelt D, James AE Jr, 
Proctor DF 

pH-Tested Reflux without Hiatus Hernia. Lewicki AM, Brooks JR, Meguid M, Membreno A, Kia D 


Gastroesophageal Reflux in Infants and Children: A Useful Classification and Reliable Physiologic Technique for Its 
Demonstration. McCauley RGK, Darling DB, Leonidas JC, Schwartz AM 


Lymphoid Follicular Pattern: A Normal Feature of the Pediatric Colon. Laufer /, deSa D 

Transverse Colon in Adult Umbilical Hernia. Forrest JV, Stanley RJ 

New Cholangiographic Sign of Common Bile Duct Obstruction: Initial Opacification of Intrahepatic Ducts. B/ack EB, 
Ferrucci JT Jr 

Mise n of Gangrene and Perforation of the Gallbladder by Endoscopic Retrograde Cholangiography. Bill K, Be/ber 


Ultrasonographic Appearance of Gas-containing Abscesses in the Abdomen. Kresse/ HY, Filly RA 
Percutaneous Nephrostomy: A Series and Review of the Literature. Stables DP, Ginsberg NJ, Johnson ML 


Effect of Screen/Film Combinations on Diagnostic Certainty: Hi-Plus/RPL versus Lanex/Ortho G in Excretory Urog- 
raphy. Thornbury JR, Fryback DG, Patterson FE, Chiavarini RL 


The Nasal Arteries. Osborn AG 


Intraarterial Cyanoacrylate: An Adjunct in the Treatment of Spinal/Paraspinal Arteriovenous Malformations. Kerber 
CW, Cromwell LD, Sheptak PE 


Pluridirectional Tomography in the Evaluation of Pituitary Tumors. Geehr RB, Allen WE IIl, Rothman SLG, Spencer DD 


Computed Tomographic Brain Scanning in Intraparenchymal Pyogenic Abscesses. Stevens EA, Norman D, Kramer 
RA, Messina AB, Newton TH 


Computed Tomography in the Evaluation of Sarcomatous Tumors of the Thigh. Weinberger G, Levinsohn EM 


Mammographic Spectrum of Traumatic Fat Necrosis: The Fallibility of *Pathognomonic" Signs of Carcinoma. Bassett 
LW, Gold RH, Cove HC 


Hematogenous Osteomyelitis of Metaphyseal-equivalent Locations. Nixon GW 
False Negative Bone Scans in Neuroblastoma Metastatic to the Ends of Long Bones. Kaufman RA, Thrall JH, Keyes 
JW Jr, Brown ML, Zakem JF 
RADIATION ONCOLOGY 
Acute Skin Reactions in Postoperative Breast Cancer Patients Receiving Radiotherapy Plus Adjuvant Chemotherapy. 
Hahn P, Hallberg O, Vikterlóf K-J 


Survival and Complications in Cervical Cancer Treated by Pelvic and Extended Field Radiation after Paraaortic 
Lymphadenectomy. Delgado G, Caglar H, Walker P | 


Alterations in Whole Saliva Flow Rate Induced by Fractionated Radiotherapy. Wescott WB, Mira JG, Starcke EN, Shan- 
non IL, Thornby Jl 


RADIATION PHYSICS 
A Study of Dose Distribution Patterns from Cobalt-60 and Varian Clinac-4 Beams. Nair R, Kartha M 


CASE REPORTS 
Cardiac Herniation with Volvulus after Pneumonectomy. Arndt RD, Frank CG, Schmitz AL, Haveson SB 
Traumatic Pseudoaneurysms of the Thoracic Aorta: Two Unusual Cases. Hirsch JH, Carter SJ, Chikos PM 
Transmural Thoracic Lipoma: Demonstration by Computed Tomography. Faer MJ, Burnam RE, Beck CL 
Pleural Aspergillosis. Meredith HC, Cogan BM, McLaulin B 


Combined Esophageal and Duodenal Atresia without Tracheoesophageal Fistula: Characteristic Radiographic 
Changes. Crowe JE, Sumner TE 


raami wet Giant Lymph Node Hyperplasia Responding to Radiation Therapy. Nordstrom DG, Tewfik HH, Latourette 


Angiographic Demonstration of a Vasoactive Intestinal Polypeptide-secreting Pheochromocytoma in a Patient with 
WDHA Syndrome. Pais SO 


Myxedema Pseudoobstruction. Sa/erno N, Grey N 
Myotonic Megacolon in Myotonic Dystrophy. Weiner MJ 
Multiple Intracranial Aneurysms. Zacks DJ 
TECHNICAL NOTE 
Improved Technique for Transcatheter Embolization of Arteries. Miller MD, dohnsrude IS, Jackson DC 


SPECIAL SECTION: Hyperthermia/Sensitizers Conference Abstracts 


Editorial: Annual Meeting Moves Ahead. 199 Abstracts of Current Literature 
Mellins HZ 211 Book Reviews 

Special Report: NIH/NCI Consensus Develop- 214 News 
ment Meeting on Breast Cancer Screen- 216 Radiologic Societies 
ing 210 Erratum 


Letters i r 





CONTENTS VOLUME 130 


Vol. 130 February 1978 No. 2 


221 
223 


233 
239 


247 
251 


257 


261 
265 
269 


275 
279 


287 
291 


297 
301 
307 
313 


317 
327 
331 
335 
339 
345 
349 


353 


357 
360 
362 
366 
368 
371 


373 
375 


377 


379 


388 


389 
403 


DIAGNOSTIC RADIOLOGY 


ARRS Presidential Address: Accounting to Society: Radiologic Concern for Patient Care. Mellins HZ 


Radiologic-Pathologic Correlations of Small Lung Nodules with Special Reference to Peribronchiolar Nodules. /toh H, 
Tokunaga S, Asamoto H, Furuta M, Funamoto Y, Kitaichi M, Torizuka K 


Unusual Radiographic Features of Wegener's Granulomatosis. Maguire R, Fauci AS, Doppman JL, Wolff SM 


Computed Tomography of the Anterior Mediastinum in Patients with Myasthenia Gravis and Suspected Thymoma. 
Mink JH, Bein ME, Sukov R, Herrmann C Jr, Winter J, Sample WF, Mulder D 


Primary Coccidioidomycosis in Children Presenting with Massive Pleural Effusion. Pinckney L, Parker BR 


Left Atrial Dimension on the Frontal Thoracic Radiograph: A Method for Assessing Left Atrial Enlargement. Higgins 
CB, Reinke RT, Jones NE, Broderick T 


Furosemide-augmented Intravenous Urography: Results in Essential Hypertension. Ta/ner LB, Stone RA, Coel MN, 
Levy SB, Emarine CW 


Ultrasonic Evaluation of Renal Calculi. Edell S, Zegel H 

Pancreatic Pseudocysts: Unusual Ultrasound Features. Conrad MR, Landay MJ, Khoury M 

sonog apas Evaluation of Mesenteric and Omental Masses in Children. Haller JO, Schneider M, Kassner EG, Slovis 
, Perl LJ 

A Simple Portable Water Bath for Superficial Ultrasonography. Yeh H-C, Wolf BS 


sonogu pm "Parallel Channel” Sign of Biliary Tree Enlargement in Mild to Moderate Obstructive Jaundice. Conrad 
MR, Landay MJ, Janes JO 


Postoperative Biopsy of the Common Bile Duct via the T-Tube Tract. Pa/ayew MJ, Stein L 


Radionuclide Liver Spots: Indicator of Liver Disease or a Blood Flow Phenomenon. Teta/man MR, Kusumi R, 
Gaughran G, Baba N 


Acute Gastric Dilatation in Neglected Children. Franken EA Jr, Fox M, Smith JA, Smith WL 
Recurring Hyperplastic Gastric Polyps Following Subtotal Gastrectomy. Joffe N, Goldman H, Antonioli DA 
Early Lesions of Crohn's Disease. Laufer I, Costopoulos L 


every of Postmyelographic Arachnoiditis and Concentration of Meglumine locarnate in Primates. Haughton VM, Ho 
-C, Unger GF, Larson SJ, Williams AL, Eldevik P 


Normal Movements of the Cervical Spine. Penning L 

Gross Hematuria: A Complication of Intrapelvic Cement Intrusion in Total Hip Replacement. Greenspan A, Norman A 

Bone Scintigraphy in Hereditary Multiple Exostoses. Epstein DA, Levin EJ 

Caffey's Disease: A Case Originating in the First Metatarsal and Review of a 12 Year Experience. Harris VJ, Ramilo J 

Angiographic Diagnosis of Benign and Malignant Splenic Tumors. Kishikawa T, Numaguchi Y, Watanabe K, Matsuura K 

Skin Thickness in the Therapeutically Irradiated Breast. Libshitz Hl, Montague ED, Paulus DD Jr 

"— of Prrjaesnne in Mammography: Influence on Detection of Breast Disease. Andersson I, Hildell J, Mühlow A, 

ettersson 

Diagnostic Oncology Case Studies: Solitary Bone Scan Abnormality in a Patient with Breast Carcinoma. Contributed 

by Mink JH, Bein ME 


CASE REPORTS 


Computed Tomography in a Transient Brain Stem Disorder. Gi/ner L/, Quencer RM, Daroff RB 

Paradoxic Response to Intraarterial Lidocaine Analgesia. Ben-Menachem Y 

Separate Origins of the Left Internal and External Carotid Arteries from the Aorta. Bryan RN, Drewyer RG, Gee W 
Left Inferior Vena Cava. Pillari G, Wind ES, Wiener SL, Baron MG 

Crohn's Disease Presenting with Massive Lower Gastrointestinal Hemorrhage. Podo/ny GA 

Lymphangiographic Detection of Scalene Node Metastases from Cervical Carcinoma. Steinfeld AD, Weinstein DS 


TECHNICAL NOTES 


Television Display Synchronization Artifact. Winter J 

Double Exposure Technique for Demonstration of Osseous and Pulmonary Structures on a Single CT Film. Bor/aza 
GS, Seigel R, Fischer B, Kuhns LR 

Compression in Specimen Xeromammography. Frankl G 


SPECIAL SECTION: Optical Instrumentation in Medicine Abstracts 


e 
Secretary's Report: 1977 American Roentgen Ray 404 Abstracts of Current Literature 
Society Meeting 416 Book Reviews 
ARRS Scientific Exhibits 419 News 
Letters 378 Erratum 





Vol. 


421 


429 
441 
447 


451 


455 
461 
463 
465 
469 
473 
477 
481 
485 
493 
499 


503 
507 


511 
517 


523 
529 


533 
537 


541 


549 
553 


556 
558 
561 
563 
565 


568 
570 
572 
575 
578 


581 


585 
586 
588 
591 


CONTENTS VOLUME 130 V 


130 March 1978 No. 3 


DIAGNOSTIC IMAGING 


81mkr Ventilation and 99^ Tc Perfusion Scans in Chest Disease: Comparison with Standard Radiographs. Fazio F, 
Lavender JP, Steiner RE 


Radiographic Appearance of the Chest in Emphysema. Thurlbeck WM, Simon G 
“Saber-Sheath” Trachea: Relation to Chronic Obstructive Pulmonary Disease. Greene R 


Giant Mediastinal Lymph Node Hyperplasia (Castleman’s Disease): Angiographic and Clinical Features. Walter JF, 
Rottenberg RW, Cannon WB, Sheridan LA, Pizzimenti J, Orr JT 


Angiocardiographic Differentiation of Constrictive Pericarditis and Restrictive Cardiomyopathy due to Amyloidosis. 
Chang LWM, Grollman JH Jr 


Complications of Angiographic Examinations. Sigstedt B, Lunderquist A 

Irregularity of Silastic Breast Implants Mimicking a Soft Tissue Mass. Grant EG, Cigtay OS, Mascatello VJ 
Transverse Folds in the Proximal Ureter: A Normal Variant in Infants. Kirks DR, Currarino G, Weinberg AG 
Streptococcal Skeletal Infections: Observations in Four Infants. McCook TA, Felman AH, Ayoub E 

Medial Herniation of the Parietal Pleura: A Useful Sign of Pneumothorax in Supine Neonates. Fletcher BD 
Chronic Mucocutaneous Candidiasis: Radiologic Abnormalities in the Esophagus. Rohrmann CA Jr, Kidd R 
Preliminary Abdominal Films in Oral Cholecystography: Are They Necessary? Harned RK, LeVeen RF 
Selective Intubation of the Afferent Loop. Ho CS, Lipinski JK 

Fractures of the Thoracolumbar Spine in Ankylosing Spondylitis. Gelman MI, Umber JS 

Radiologic Soft Tissue Shadows in the Pelvis: Another Look. Kalman MA 

mini. of Metrizamide Myelography in 200 Examinations. Baker RA, Hillman BJ, McLennan JE, Strand RD, Kaufman 


Computed Tomography of the Trapped Fourth Ventricle. Zimmerman RA, Bilaniuk LT, Gallo E 


Subdural Hematomas due to Ruptured Cerebral Aneurysms: Angiographic Diagnosis and Potential Pitfall for CT. 
Handel SF, Perpetuo FOL, Handel CH 


Computed Tomography in Leptomeningeal Infections. Cockrill HH Jr, Dreisbach J, Lowe B, Yamauchi T 


Quantitative Thyroid Fluorescent Scanning: Technique and Clinical Experience. Thrall JH, Gillen MT, Johnson MC, 
Corcoran RJ, Wartofsky L 


New Technique for Localization of Therapeutic Emboli Using Radionuclide Labeling. Conroy RM, Lyons KP, Kuperus 
JH, Juler GL, Joy I, Pribram HFW 


"e ped Vena Cava or Iliac Vein Occlusion? A Diagnostic Problem in Radionuclide Venograms. Berkow AE, 
enkin RE 


The Inferior Vena Cava: Mass Effects. Gosink BB 


Fetal Movement Patterns: A Possible Means of Defining Neurologic Developmental Milestones in Utero. Birnholz JC, 
Stephens JC, Faria M 


PROGRESS IN RADIOLOGY 


i of Camani Techniques for Nonsurgical Removal of Intravascular latrogenic Foreign Bodies. Fisher RG, 
erreyro 


CASE REPORTS 


Three-Channeled Aortic Dissection. McReynolds RA, Shin MS, Sims RD 


Pheochromocytoma and Ipsilateral Renal Carcinoma Diagnosed by Angiography. Nance EP Jr, Ekelund L, Gonchar- 
enko V, Rogers L 


Failure of Steel Coil Occlusion in a Case of Hypernephroma. Jhaveri HS, Gerlock AJ Jr, Ekelund L 

Gangrene of the Feet Associated with Mesenteric Intraarterial Vasopressin. Twiford TW Jr, Granmayeh M, Tucker MJ 
Delayed Onset of Secondary Hypertrophic Osteoarthropathy. Perkins PJ 

Preoperative Diagnosis of a Perforated Duodenal Diverticulum. G/asser CM, Goldman SM, Pio Roda CL, Bronstein HD 


epus SU aiii A Case with Intrahepatic Shunting and Extrahepatic Portal Vein Occlusion. Sniderman KW, 
OS 


Cerebrospinal Fluid Intraperitoneal Cyst: An Unusual Abdominal Mass. Go/dfine SL, Turetz F, Beck AR, Eiger M 
Pseudostricture of the Urethra: Urinal Artefact on Urethrography. Lebowitz RL 

Renal Milk of Calcium Associated with Hydronephrosis. Herman RD, Leoni JV, Matthews GR 

Alkaline Encrusting Cystitis. Harrison RB, Stier FM, Cochrane JA 


B-Scan and Real-time Ultrasound in the Antepartum Diagnosis of Conjoined Twins and Pericardial Effusion. Morgan 
CL, Trought WS, Sheldon G, Barton TK 


SPECIAL SECTION: Society of Uroradiology Abstracts 


Editorial: A Corner is Turned 593 Abstracts of Current Literature 
From Earlier Pages 605 Book Reviews 

Letters 608 News 

Memorials 611 Radiologic Societies 


vi 


Vol. 130 April 1978 No. 4 


CONTENTS VOLUME 130 


615 Neuhauser Lecture: Neurofibromatosis in Children. Ho/t JF 


641 


651 
659 
665 


671 
675 
679 
683 


693 
697 
701 
711 


715 
719 


725 
731 


735 


741 
745 
747 
751 


755 
761 


765 
769 
773 


777 


780 
783 
786 
789 


791 
793 


795 


799 


DIAGNOSTIC IMAGING 


este needs Needle Biopsy of Bone in the Cancer Patient. deSantos LA, Lukeman JM, Wallace S, Murray JA, 
yalaA 
Osteochondral Fractures: Mechanisms of Injury and Fate of Fragments. Milgram JW, Rogers LF, Miller JW 
Significant New Observations on Cervical Spine Trauma. Miller MD, Gehweiler JA, Martinez S, Charlton OP, Daffner RH 
«Y "i^a Spinal Injuries: Importance of Early Recognition. Ca/enoff L, Chessare JW, Rogers LF, Toerge J, 
osen J 
Bone Mineral in Vilcabamba, Ecuador. Mazess RB 
The Pedicle in Neurofibromatosis. Mandell GA 
Stress Fractures of the First Metatarsal. Levy JM 


Evaluation of Endoscopic Retrograde Cholangiopancreatography and Angiography in the Diagnosis of Pancreatic 
Carcinoma. Freeny PC, Ball TJ 


Barium Duodenography as an Adjunct to Percutaneous Transhepatic Cholangiography. Jaques PF, Bream CA 

Fine Needle Cholangiography in Postcholecystectomy Patients. Ayre-Smith G 

Sonography of the Common Bile Duct: Value of the Right Anterior Oblique View. Behan M, Kazam E 

Diagnostic Accuracy of CT in Circumscript Liver Disease. Scherer U, Rothe R, Eisenburg J, Schildberg FW, Meister P, 
Lissner J 

Bacteremia during Barium Enema Study. Butt J, Hentges D, Pelican G, Henstorf H, Haag T, Rolfe R, Hutcheson D 


Retrotracheal Abnormalities in Esophageal Carcinoma: Prognostic Implications. Daffner RH, Postlethwait RW, 
Putman CE 


Angiography of Abdominal Leiomyosarcoma. Granmayeh M, Jonsson K, McFarland W, Wallace S 


endo rd Scale Ultrasound in Detecting Urinary Tract Obstruction. Ellenbogen PH, Scheible FW, Talner LB, 
eopold 


Accuracy of CT Staging of Bladder Neoplasms Using the Gas-filled Method: Report of 21 Patients with Surgical 
Confirmation. Seidelmann FE, Cohen WN, Bryan PJ, Temes SP, Kraus D, Schoenrock G 


Gray Scale Ultrasonography of Adrenal Neoplasms. Bernardino ME, Goldstein HM, Green B 

The Suprasternal Fossa on Chest Radiographs in Newborns. Hernandez R, Kuhns LR, Holt JF 

Tween 80/Diatrizoate Enemas in Bowel Obstruction. Wood BP, Katzberg RW 

A Phlebographic Study of the Incidence and Significance of Venous Thrombosis in the Foot. Lea Thomas M, 
O'Dwyer JA 

Diagnosis of Ascending Transtentorial Herniation by Cranial Computed Tomography. Osborn AG, Heaston DK, 
Wing SD 

Computed Tomography and Skull Radiography in the Diagnosis of Calcified Brain Tumor. Gouliamos AD, Jimenez JP, 
Goree JA 

The Vertex Scan: An Important Component of Cranial Computed Tomography. Wing SD, Osborn AG, Wing RW 

Computed Tomography in Cranial Tuberculosis. Price H/, Danziger A 

Diagnostic Oncology Case Studies: Heterotopic New Bone Formation: Myositis Ossificans versus Malignant Tumor. 
Contributed by Kagan AR, Steckel RJ 


CASE REPORTS 


Angiographic and Echographic Findings in Avascular Focal Nodular Hyperplasia of the Liver. Whitley NO, 
Cunningham JJ 

Plastic Bowing Fracture of the Femur in a Child. Cai/ WS, Keats TE, Sussman MD 

Calcification in Primary and Metastatic Wilms' Tumor. Kaufman RA, Holt JF, Heidelberger KP 

Calcified Intraluminal Meconium in a Female Infant with Imperforate Anus. Se/ke AC Jr, Cowley CE 

Opaque Artifacts in a Health Food Faddist Simulating Ovarian Neoplasm. Schabel SI, Rogers CI 


TECHNICAL NOTES 


Skin Fold versus Pneumothorax. Fisher JK 
Transcatheter Technique for Producing Intimal Trauma for a Canine Vascular Occlusion Model. Anderson JH, Kaufman 
HH, Woo J, Handel SF 


SPECIAL SECTION: Society of Pediatric Radiology Abstracts 


Editorial: Parts and Wholes: The 800 Letters 
Society for Pediatric Radiology ande 802 Abstracts of Current Literature 
the General Radiologic Community. 811 Book Reviews 


Griscom NT 814 News 


Ji 


CONTENTS VOLUME 130 vii 


Vol. 130 May 1978 No. 5 


817 


Cannon Lecture: Ulcerative and Granulomatous Colitis. Sommers SC 


DIAGNOSTIC IMAGING 


825 nen poi da Colitis and Colon Cancer: Can Radiographic Appearance Predict Survival Patterns? James EM, 
arlson 
831 lini ire d ral Viscosity Barium for Fine Mucosal Detail on Double-Contrast Upper Gastrointestinal Examinations. 
elfan 
835  Strangulating Obstruction of the Bowel: A Reevaluation of Radiographic Criteria. Bryk D 
845 A New Contrast Agent for Oral Cholecystography: lopronic Acid (Oravue). Pizzolato NF, Arcomano JP, Baum AE 
849 Gray Scale Ultrasonographic Evaluation of Hepatic Cystic Disease. Weaver RM, Jr, Goldstein HM, Green B, Perkins C 
853 Giant Cystic Abdominal Masses in Children: Ultrasonic Differential Diagnosis. Wicks JD, Silver TM, Bree RL 
859 350 kVp Chest Radiography: Review and Comparison with 120 kVp. Proto AV, Lane EJ 
867 Tuberculosis: Frequency of Unusual Radiographic Findings. Miller WT, MacGregor RR 
877 Thoracic Effects of Therapeutic Irradiation for Breast Carcinoma. Meyer JE 
887 Pediatric Tracheostomy. I. Radiographic Features of Normal Healing. Scott JR, Kramer SS 
893 Pediatric Tracheostomy. Il. Radiographic Features of Difficult Decannulations. Scott JR, Kramer SS 
899 A Specially Designed Cutting Aspiration Needle for Lung Biopsy. Ballard GL, Boyd WR 
905  Bronchioloalveolar Carcinoma: Two Clinical Entities with One Pathologic Diagnosis. Miller WT, Husted J, Freiman D, 
Atkinson B, Pietra GG 
913 vun in Measurement of Coronary Lesions on 35 and 70 mm Angiograms. Myers MG, Shulman HS, Saibil EA, Naqvi 
917 Left Aortic Arch with Right Descending Aorta. Dominguez R, Oh KS, Dorst JP, Young LW 
921 The omnea Republic Conjoined Twins: Ischiopagus, Tetrapus, Omphalopagus. Rosenberg HK, Spackman TJ, Chait 
927 Renal Vein Valves. Oleaga JA, Ring EJ, Freiman D, Husted JW 
929 Computed Tomography of Cerebellar Astrocytoma. Zimmerman RA, Bilaniuk LT, Bruno L, Rosenstock J 
935 Resolving Intracerebral Hematoma: Alteration of the “Ring Sign" with Steroids. Laster DW, Moody DM, Ball MR 
941 Sialography of Salivary Gland Tumors with Fluoroscopy and Tomography. Kushner DC, Weber AL 
945 Acute Chondrolysis Complicating Slipped Capital Femoral Epiphysis. Go/dman AB, Schneider R, Martel W 
951 The b ics s ae A Radiographic Sign of Posterior Shoulder Dislocation. Cisternino SJ, Rogers LF, Stufflebam BC, 
rugli 
955 Congenital Pseudarthrosis of the Radius. C/eveland RH, Gilsanz V, Wilkinson RH 
959  Urography in the Child Who Wets. Stannard MW, Lebowitz RL 
963 Computed Tomography of the Normal Adrenal Glands. Montagne JP, Kressel HY, Korobkin M, Moss AA 
967 Hydronephrosis of the Lower Pole of the Duplex Kidney: Another Renal Pseudotumor. Nusbacher N, Bryk D 
971 Effect of Fatigue and Alcohol on Observer Perception. Brogdon BG, Kelsey CA, Moseley RD 
CASE REPORTS 
975 Traumatic Aneurysm of the Basilar Artery. Bank WO, Nelson PB, Drayer BP, Wilkins RH, Rosenbaum AE 
978 Intracranial Venous Sinus Thrombosis: Diagnosis Suggested by Computed Tomography. Wendling LR 
981 Absence of Both Common Carotid Arteries. Roberts LK, Gerald B 
983 Contrast Echocardiographic Findings in an Infant with Right Coronary Artery to Right Ventricular Fistula. Brenner Jl, 
Tompkins DG 
986 Demonstration of Spondylolysis by Arthrography of the Apophyseal Joint. Ghe/man B, Doherty JH 
988  Dysosteosclerosis. Houston CS, Gerrard JW, lves EJ 
992  Hypertrophic Osteoarthropathy in Childhood Malignancy. Ameri MR, Alebouyeh M, Donner MW 
994 Congenital Tuberculosis. Polansky SM, Frank A, Ablow RC, Effmann EL 
997  Cecal Perforation Associated with Gastrografin Enema. Seltzer SE, Jones B 
999 Neonatal Intramural Intestinal Calcifications Associated with Bowel Atresia. Aharon M, Kleinhaus U, Lichtig C 
1001 Commentary: Radiology of Acute Appendicitis. 1007 Memgrials 
Shimkin PM 1009 Abstracts of Current Literature 
1005 79th ARRS Meeting Information 1019 Book Reviews 


1006 Letters 1023 News 


viii 


Vol. 


1025 
1033 
1041 


1047 
1051 


1057 
1059 
1069 


1077 


1083 
1087 
1093 
1097 


1105 
1115 
1119 
1125 
1133 
1137 
1141 
1149 


1153 
1157 


1159 
1163 


1165 
1168 


1171 
1174 
1176 
1178 
1181 


1184 
1186 


1189 
1191 


1193 
1193 
1197 


1200 


1201 
1202 
1202 
1203 


CONTENTS VOLUME 130 


130 June 1978 No. 6 


DIAGNOSTIC IMAGING 


Differential Effects of Pitressin on Blood Flow and Oxygen Extraction in Canine Vascular Beds. Steckel RJ, Kolin A, 
MacAlpin RN, Snow HD, Juillard GF, Tesler AS, Metzger J 


Effects of Intravenous Vasopressin on Canine Mesenteric Arterial Blood Flow, Bowel Oxygen Consumption, and 
Cardiac Output. Athanasoulis CA, Waltman AC, Simmons JT, Sheehan B, Coggins CH 


Double-blind Study of Single and Double Contrast Upper Gastrointestinal Examinations Using Endoscopy as a 
Control. Montagne J-P, Moss AA, Margulis AR 


Double Channel Pylorus. Jamshidnejad J, Koehler RE, Narayan D 


Sf OC YRIONIDARUÓ Cholecystography: Efficacy and Tolerance Studies of Ceruletide. Sargent EN, Boswell W, 
ubsher 


Percutaneous Cholangiography in Infants. Franken EA Jr, Smith WL, Smith JA, Fitzgerald JF 
Computed Tomography of the Gallbladder. Havrilla TR, Reich NE, Haaga JR, Seidelmann FE, Cooperman AM, Alfidi RJ 


Scanning Techniques in Computed Body Tomography. Kirkpatrick RH, Wittenberg J, Schaffer DL, Black EB, Hall DA, 
Braitman BS, Ferrucci JT Jr 


Spontaneous Resolution of Colonic Strictures Caused by Necrotizing Enterocolitis: Therapeutic Implications. 
Tonkin ILD, Bjelland JC, Hunter TB, Capp MP, Firor H, Ermocilla R 


Ultrasonic Detection of Renal Tumor Extension into the Inferior Vena Cava. Goldstein HM, Green B, Weaver RM Jr 
Replacement Lipomatosis of the Kidney. Ambos MA, Bosniak MA, Gordon R, Madayag MA 
Ectopic Vas Deferens: A Report of Two Cases and Review of the Literature. Mahboubi S, Spackman TJ 


Cerebral Ischemia. |. Current Angiographic Techniques, Complications, and Safety. Kerber CW, Cromwell LD, 
Drayer BP, Bank WO 


Angiography of Chronic Hemodialysis Arteriovenous Grafts. O'Reilly RJ, Hansen CC, Rosental JJ 

Aortic Dissection Beginning in the Abdomen. Sniderman KW, Sos TA, Gay WA Jr, Subramanian VA 

Angiography of Extremity Masses in Children. Stanley P, Miller JH 

Craniocaudal Axial View of the Sacroiliac Joint. Dory MA, Francois RJ 

Migrating Bone Shards in Dissecting Charcot Joints. Forrester DM, Magre G 

Retropharyngeal Tendinitis. Haun CL 

The Pulmonary-Renal Syndrome. Herman PG, Balikian JP, Seltzer SE, Ehrie M 

Chest Film Diagnosis of Patent Ductus Arteriosus in Infants with Hyaline Membrane Disease. Burney B, Smith WL, 
Franken EA Jr, Smith JA, Klatte EC 

Ultrasonic Evaluation of Radiographic Opacities of the Chest. Hirsch JH, Carter SJ, Chikos PM, Colacurcio C 

Mammographic Patterns and Risk of Breast Cancer. Hainline S, Myers L, McLelland R, Newell J, Grufferman S, 
Shingleton W 

Contact Spot Xeromammography in the Early Diagnosis of Breast Cancer. Buchanan JB, Jager RM 

Diagnostic Oncology Case Studies: Ovarian Mass, Bone Metastases, and a Breast Lesion. Contributed by Bassett LW 


CASE REPORTS 

Unilateral Polycystic Kidney Disease. Lee JKT, McClennan BL, Kissane JM 

Angiography of Multiple Asynchronously Manifest Pheochromocytomas: The APUD Concept. Sundaram M, Srivisal S, 
De Mello D, Danis RK 

Angiographic Demonstration of Gas and Thrombus in the Portal Vein. Lefleur RS, Ambos MA, Rothberg M, Benjamin J 

Massive lopanoic Acid (Telepaque) Overdose without Ill Effects. Gelfand DW, Ott DJ, Klein A 

Ascitic Fluid in the Anterior Paravesical Fossa: Misleading Appearance on CT Scans. Callen PW, Filly RA, Korobkin M 

Pulmonary Arteriovenous Fistula as a Complication of Trauma. Ekstrom D, Weiner M, Baier B 

Subclavian Artery Aneurysm: Unique Late Complication of Blalock-Taussig Anastomosis. McGahan JP, Bogren HG, 
Foerster JM, Mason DT 

Congenital Retrosternal Subluxation of the Clavicle Simulating an Intrathoracic Mass. New/in NS 

Angioimmunoblastic Lymphadenopathy: A Cause for Mediastinal Nodal Enlargement. Khouri NF, Eggleston JD, 
Siegelman SS 

Xeromammographic and Ultrasonic Diagnosis of a Traumatic Oil Cyst. Morgan CL, Trought WS, Peete W 

Internal Carotid Artery Origins of the Inferior Cerebellar Arteries. Haughton VM, Rosenbaum AE, Pearce J 


TECHNICAL NOTES 
Polyvinyl Alcohol Foam: Prepackaged Emboli for Therapeutic Embolization. Kerber DW, Bank WO, Horton JA 
Reduction in Radiation Exposure: The Rare Earth Screen. Newlin N 
Tracheal Overlap: Arteriographic Sign of Parathyroid Adenomas in the Posterior Superior Mediastinum. Doppman JL, 
Brennan MF, Brown E 


Guest Editorial: Human Experimentation: 1212 Book Reviews 
Regulations and Ethics. McAlister WH 1215 News 

New Case Report Review Policy 1217 Index to Volume 130 
Letters 

Erratum - 


Abstracts of Current Literature 








Liquid 
Polibar wc: 
Super XL 


A Total System 


For double - contrast 
examination of the colon. | 


Satisfactory results in the dou- 
ble-contrast examination of the 
colon require special attention to 
two aspects of the procedure. 












First, the barium sulfate formu- 
lation. Our Liquid Polibar (56% 
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and coating characteristics. No : 
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Miller Air Retention Tip, with or without 


optional cuff completes the system. f j 
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We offer a complete line of accessories to com- 
plement our broad line of diagnostic equipment. 

For quality radiographic procedures, we offer a 
variety of patient procedure products. Optimum 
film viewing can be achieved with our new FVS 
System. This is Pickers Film Viewing System 
that lets you stack units horizontally, vertically 
or in any combination. 

Picker provides many special procedure products, including our new arthrogram 
tray for double and single-contrast arthrography. This tray is a compact, pre-sterilized 

| package with all components 
conveniently arranged for easy 
access. Its disposable, dependable 
and readily available. 

Picker Lite-gard® aprons. 
functional and attractive, are 
typical of our full line 

of protective clothing 
and materials. 

We also supply 
diagnostic agents 
and accessories 
to assure safe 
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and accurate visualization. 

Like Novopaque? our 

liquid barium, which is 

premixed. So, in addition 

to convenience and economy, 
it also provides uniform density. 
We have filnt from every major 
domestic manufacturer, as well as 
selected imported brands. Our 3°7°90® 
chemistry is the best chemistry for 
radiographic film processing. Our 
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3 CADI" Mixer does the job no one likes... mixing chemicals while 
providing fresh chemistry of consistent accuracy. And the CADI 
unit has a proven reputation for successful and dependable 








performance. 
Pickers VIP disposable gowns and capes provide fresh, clean 
| comfort and freedom of movement for your patients...and 
eliminate laundering costs. 
E In fact, we can supply you with over 3,000 different accessories 
B and supplies — ranging from myelogram trays, to construction 
Í material for building or updating your X-ray rooms. We have it all. 
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of the many nice 
things about us. 
For more 
information 
contact your Picker representative, 
or write Picker Corporation or 
Picker International, 595 Miner Road, 


Cleveland, OH 44143. 
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MOTORIZED 
X-RAY 
VIEWER 
48 FILM CAPACITY 


EQUIVALENT OF 6-4 OVER 4 ILLS 


VIEW ANY FILM 
IN 7 SECONDS OR LESS! 


OPTIONAL SHELF OR DESK AVAILABLE 
FEATURES: 


Specially designed for Radiologists” offices, smaller hospitals 
and Reading Rooms. 

Sit and view 48 films without moving from viewer to viewer, or 
handling films in and out of envelopes. 

Touch control-random access makes any set of films available in 
less than seven seconds. 

Holds 14 x 17” or any smaller size. Film grips retain smaller 
sizes at top and bottom of each frame. 

48 — 14 x 17” film capacity. 

12 — 4 Panel wide frames. Viewed 4 over 4. 

Lights individually controlled for each viewing area. 

No light spillover between sections. 
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Entire machine can be moved from room to room on casters. 
Inexpensive; purchase justified where larger capacity machines 
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No installation. Roll it in and operate. 





Attractive modern styling for every decor. 


Made in USA by S & S, who have made more motorized 

viewers than anyone else in the world. Sold by local X-ray 

dealers backed up by S & S parts inventories and experience. 
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on request. 
The Complete Line of SOLD BY LOCAL 
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87-93 JAY STREET, BROOKLYN. N.Y. 11201 
Telephone: 212-852-6900 














OSHA —the Occupational 
Safety and Health Act of 
19/0— benefits everybody. 
Employers and employees 
alike. 

Today, Red Cross is 
helping employers all over 
the country to meet OSHA 
standaras, by training em- 
ployees in first aid and haz- 
ard recognition practices. 
The result is that, every- 
where, factories and other 
places of business are safer 
and healthier. Another side 
benefit: employees trained 
in first aid are more valu- 
able employees, 

Next time you wonder 
where “all those dollars you 
gave to the Red Cross” are 
going—you might consider 
this: alotof them are being 
plowed right back into your 
business! For information 
about First Aid Training 
call your local Red Cross 
Chapter. 











Machlett 
for high-power 
chest radiography 


1 procedure-designed 


dynamax 60 45/110 
x-ray tube 


Designed explicitly for high-power chest radio — 
graphy, including the air gap technique, the 
Dynamax 68 45/110 provides extended capability 
for diagnostic information within the chest bone 
structure. With the large focus rated at 110 kW, 
the Dynamax 68 45/110 is also extremely well 
suited to high kV gastrointestinal studies. 


You can obtain a resolution of 7 line pairs/mm 
with the small focus and 3.3 line pairs/mm with 
the large focus, with magnification of 1.15 times. 
Power ratings for the tube are sufficient for 
extended film distances up to the maximum 
used for chest radiography. 


For complete technical information on the 
-Dynamax 68 45/110, or for consultation relative 
js to its application, contact your x-ray dealer or 


; š The Machlett Laboratories, Incorporated 
f». 1063 Hope Street 


Stamford, Connecticut 06907 
54203) 348-7511 
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| Contrast resolution— The CT/T's ability to resolve Spatial resolution—The CT/T has the ability to 

ft very slight differences in tissue densities permits clear resolve very small structure, such as the bronchii cut in 
: visualization of biliary structure within the liver (figure 1) ^ cross-section (figure 3) and the lamina papyracea and 


and superb grey matter/white matter differentiation 
within the brain (figure 2). Although not an example of 
contrast resolution, note the superb visuglization of the 
neural tube and spinal nerves in figure 1. 


bony detail within the ethmoid sinus (figure 4). 
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Youd expect it from GE. — 


The company that pioneered 
Fast-Scan CT also gives you 
the best images. 


GE started with the right design, 
right from the beginning: 360", 
rotate-only, 4.8 second scanning 
with a stable xenon detector. 


provide clarity and detail un- 
matched by any other CT system. 


The X-2 detector package 
comes as standard equipment 
on the CT/T 8800 scanner, or 
as an option for the CT/T 
7800 system. Both detectors 
(X-1 and X-2) carry GE's 
straightforward 5-year warranty. 





Now, for CT applications requiring 
ultra-high resolution images, GE offers the 





X-2 detector package. We've nearly doubled These latest developments in CT are a direct 
the number of detector elements to 523 result of GE's continuing commitment to 
in a 30* arc. 


| diagnostic imaging. A commitment you can 


Ww, The result: resolving power of better than 1.0 dl count on—now and in the future. 


fi mm. With 4.0 mm resolution at 0.4% 
contrast. These unprecedented images /} 
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The CT/T Continuum. Best images, best value. 
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So do 93% of the other people employed by 
Grumman Corporation. 

That's the percentage of Grumman employ- 
ees who are regular investors in the Payroll 
Savings Plan. 

"People understand Savings Bonds," 
says Mr. Bierwirth. “They really do 
know that they are as safe an invest- 
ment as they can possibly make.” 

An employee who saves regularly | 
is "not just a better employee buta | 
better citizen in his community in 
every way." 

John C. Bierwirth has another 
reason for believing in U.S. Savings 
Bonds, one that may not be as readily 
apparent to the average Savings Bonds 
subscriber. 

“The U. S. Government is the biggest 
borrower in the world . . . and it needs 
to have a steady source of funds. Thus, 
Savings Bonds are important to the 
stability of the economy because they 
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funds outside the traditional money  \ M wn (sD) ee — 
markets.” | Aag AN — 2 3 

Nevertheless, Mr. Bierwirth feels that = 
whether for practical or patriotic reasons, ln: 
"the Plan sells itself." 


To receive a free information 
kit, about the Payroll Savings 
Plan, simply mail the coupon. 


*Chairman of the Board and Chief Executive Officer 
Grumman Corporation. 


U.S. Department of the Treasury 
Director of Sales 

U.S. Savings Bonds Division 
Washington, D.C. 20226 
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FISCHER GRAY 


introduces...the XR-1 
Film Processor 


XR-1 handles roll film and cut film from 5 x 7" to 14 x 36” 


e Simple, reliable design; fewer moving parts 
e Streamlined film transport and drive system 
e Exceptionally compact size 

@ Modest price 


The Fischer XR-1 is unique. Its exclusive belt/roller film transport x 
has fewer rollers than other processors, so it's very compact. Its FIS CHER XERA 
clutch-protected drive train is gentle with film, so you'll have less An patablib hen manukan 
need for retakes. It has a versatile output configuration that lets of radiographic equipment, 
you use it through-the-wall as well as on base stand or counter serving the medical profession 
top. It can also be adapted easily to automatic film handling since 1910. 
systems. The XR-1 even has its own internal washing assembly to 
make cleanups easy. Its delivered complete; just connect supply 
and drain lines, plug it in and it's ready to use. 

Write or call for detailed information, or the name of your local 
Fischer X-Ray Representative. 


H.G. FISCHER, INC. 3816 N. Carnation Street, Franklin Park, Illinois 60131 * 312/671-5275 
FISCHER X-RAY DIVISION = CLAYTON CHEMICAL DIVISION = KATUM DIVISION 





XEROX INTRODUCES Ø 
REALTIME ULTRASOUND 
WITH A FUTURE. 


Introducing the Xerox 150 S-4. A Primar 
Care ultrasound system that's totally new for real 
time imaging. 

It means, you can now complete your 
OB/GYN and abdominal examinations on one 
real time unit. And in most cases there's no need for a 
static scan exam. Because the 150 S-4 presents dynamic 
imaging with the quality and resolution of conventional 
gray scale scanners. 

With a unique scanning head, designed for easy 
access and use, the 150 S-4 lets you search for your area of 
interest. Study it. Freeze the frame for a permanent record. 

Then section it without moving the scanning head. (An optional 
feature that gets an even more detailed look by planing in slices as 
small as 1 mm.) . 

In addition, the 150 S-4 has a micro-processor and a digital 
memory, so you'll be prepared for any future advances in image pro- 
cessing that comes along. | 

And with dependable Xerox maintenance and service you can 
rely on, no matter how long or hard you look at the 150 S-4 today, it's 
still going to look good to you tomorrow. 

IF oud like an even closer look at the Xerox 150 S-4, call Ed Stein 
collect at (213) 351-1579 or write Xerox Ultrasound, 125 North Vinedo 
Street, Pasadena, CA., 91107. 


XEROX 


XEROX” is a trademark of XEROX CORPORATION. 
The Xerox 150 S-4 was developed and is manufactured by 
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...you simply bring the PUCK down. 


The Puck is quite a 
remarkable cutfilm 
changer. It'S economical, 
it's mobile and it's com- 
pact — only 634 inches 
thick. Yet, it produces 
superb image quality for 
abdominal, peripheral, 
thoracic and cerebral 
angiography. With up to 
3 exp/sec and with 20 
film capacity. With patient identification and 
sequential numbering of each film. 

But, that's just the beginning. 

An available stand allows Puck to travel 
400mm (approx. 16") vertically and to be tilted 
for frontal and lateral projections. By lowering 
Puck while it's under a table without vertical 
adjustment, you can select up to approxi- 
mately 2:1 magnification. With a vertically 
adjustable table the range of magnification 
is increased. 

No other rapid filmchanger offers this 
advantage. 

In addition to magnification, Puck offers 
very low x-ray attenuation and perfect screen/ 
film contact. Our new CFRP front plate makes 
this possible. This unique Carbon Fiber Rein- 
forced Plastic plate makes no compromise 
between x-ray attenuation and screen/film 
contact. Together with today's micro-focus 
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When a better idea in filmchangers comes along, it will come from us. 
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tubes and rare earth 
screens, the CFRP lends 
itself very well to the 
magnification capabil- 
ities of Puck. 

And no other com- 
pact changer offers this 
advantage. 

In addition to com- 
pact size, increased 
magnification, and the 
CFRP plate, Puck offers the convenience and 
accuracy of punch card programming. Punch 
card programming allows you to pre-deter- 
mine the number of films in a series, and to 
split a magazine load on two or more runs. 
The card can also correlate the filmchanger 
with the injector and control the movements 
of a programmed table. In biplane, only one 
punch card is necessary to operate frontal 
and lateral changers, and they can be pro- 
grammed for alternate or simultaneous 
exposures. 

Puck is available in two models to fit 
film sizes of 35 x 35cm or 24 x 30cm. See 
how Puck can fit into your special procedure 
room. 

For detailed information about Puck cut- 
film changers and stands, write Elema- 
schonander, Inc. 699 Lively Blvd., Elk Grove 
Village. IL. 60007. Or call (312) 593-6770. 
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| Our kit can help you 
|| Save your company money, 
| build employee morale, increase | 
| productivity, fight air pollution, 


| reduce traffic congestion 
| and Save energy. 





"Al you uhave to do is ask. 


It's an information and action kit about carpools. How to start one for 
your employees, how to encourage your employees to start them for 
themselves. With facts and results of what a good ride-sharing program 
has meant to other companies. 

Like 3M and Jantzen and Lockheed and AT&T, just to name a few. 
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XERORADIOGRAPH Y 
Breast Calcifications 


The necessary criteria for diagnosing the causes of breast 
calcifications are provided in this amply illustrated text. The 
author emphasizes the importance of the equipment and re- 
cording media not only in capturing such malignancies and 
very small calcific deposits, but also in demonstrating their 
contour and distribution. Each illustration is accompanied 
by a text which includes history, radiographic observations, 
presentation of the diagnosis, and discussion of the case. The 
book covers calcifications associated with malignancies, 
including location, distribution, contour, size and number; 
characteristic tumor calcifications of specific forms of malig- 
nancies such as comedocarcinoma, Paget’s carcinoma, me- 
dullary carcinoma, lobular carcinoma and cystosarcoma 
phylloides; and calcifications associated with benign condi- 
tions such as adenosis, papillomatosis, secretory disease, fi- 
broadenoma, calcified cysts, fat necrosis and postoperative 
calcifications. Remaining chapters focus on calcifications 
within lymph nodes, calcifications of the skin and areola, 
arterial calcifications, pseudocalcifications, and specimen 
radiography. ’77, 184 pp. (8 1/2 x 11), 284 il., 3 tables, $22.50 


XERORADIOGRAPHY 
Uncalcified Breast Masses 


Information and graphic material are presented which will 
assist the radiologist in arriving at a reasonable differential 
diagnosis when confronted with uncalcified breast masses. 
The order of presentation proceeds from the obvious malig- 
nancies to the more subtle circumscribed carcinomas such as 
the medulary or colloid variety and, finally, to those that do 
not present as a well-defined mass but merely an area of 
increased density. Benign tumors are also covered in detail. 
The format throughout is one of illustration of the classic 
type of pathology followed by examples of variations. The 
fact that one must not only consider the radiographic features 
of the mass, but also its environment and historical features 
of the mass is stressed repeatedly throughout the text. The 
advisability of reexamination after varying intervals is also 
discussed. Medical students, radiology residents and all prac- 
ticing radiologists who have, at some time in their careers, 
encountered problems in the differential diagnosis of benign 
and malignant breast tumors will find this volume to be an 
invaluable supplement to standard textbooks on mammog- 
raphy. 77, 208 pp. (8 1/2 x 11), 307 il., $28.00 


Orders with remittance sent, on approval, postpaid 


CHARLES € THOMAS 


301-327 East Lawrence Avenue 9 









Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 


Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them ''Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 





The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.95 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes'' are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your name, address, AND REMITTANCE, at $5.95 per volume. 
Within 45 days after receipt, bound volumes will be shipped to you. 
Price subject to change without notice. Please remit 504 per volume 
for return transportation and handling. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, Illinois 60624 
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Springfield e [Illinois e 62717 





Hanley Space Saver X-Ray and Medical Record Cabinets 
are installed in most hospitals in America. 


Top quality and low price is the reason. 
5 compartment with doors—$/99.50 
5 compartment less doors—$171.50 


Brochure F.O.B. Factory 
AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. 
X-Ray Division 


5614 South Grand St. Louis, Mo. 6311! 















In reply to advertisers 
please mention that you saw 
their advertisement in 
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ROENTGENOLOGY 
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The American 
Roentgen Ray Society 
e by 


CHARLES C THOMAS e PUBLISHER 
Springfield, Illinois 62717 
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| and Take the Radiation Load Of Your Mind 


A Two-Word System 
" for Reducing Retakes 


Pulmo Diagnost. Two words that in- 
sure precision and total quality con- 

- trol. That's because Philips’ Pulmo 
Diagnost is a fully automated, dedi- 
cated chest system. 

Automation from patient posi- 
tioning to film processing. Automa- 
tion that will cut your retake rate 
dramatically. That's more than a 
radiation load off your mind . . . 
and your patients. It's a big load off 
operating, labor and space costs, 
too. (Philips precision doesn't need 
much space. ) 


The Right Take, Not Retakes 


Key design and engineering features 
insure superb image quality with the 
Pulmo Diagnost: 

e Rapid, simple patient positioning 
è Automatic tube-to-film alignment 
e Full automation or semi- 
automatic operation to eliminate 
exam interruptions and multiple 
trips to the darkroom (a simple 
lever switches modes) 

e Philips Amplimat and Anatomi- 
cally Programmed Radiography 
(accurate density control down to 2ms) 
e High kV (150) technique and no 
grid lines due to oscillating grid 

e Simple, one-button generator 
control 

e Minimum space to process 
maximum patients 


Philips Pulmo Diagnost: it returns 
your investment by sharply reducing 
returns for retakes. Ask your Philips' 
representative for details. 


- PHILIPS MEDICAL SYSTEMS, INC. 
710 Bridgeport Avenue, Shelton, Conn. 06484 


PHILIPS 


S 





Philips Pulmo Diagnost 


PULMO DIAGNOST 
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A Pulmo Diagnost room gives maximum 
efficiency in minimum space 
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Control desk for Philips’ MM100C dedicated 
‘generator for the Pulmo Diagnost 
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a significant 
advance in _ 
postevacuation 
cholecystography 
Kinevac 

Sincalide for Injection 


m a convenient alternative to the fatty meal 
m optimal gallbladder contraction in 5 to 15 minutes 
m complete physician control 





Pholecystogram exposed before E Cholecystogram exposed 10 minutes after 
injection of Kinevac (Sincalide for Injection). Finiection of Kinevac (Sincalide for Injection). 








Y^ 


Rapid, predictable gallbladder contraction 


In cholecystography, Kinevac produces diagnostically 
satisfactory gallbladder contraction in 5 to 15 minutes. 


A convenience to physician and patient 


Provides the physician with an alternative to the fatty meal 
or fatty meal substitute when such a choice is desirable, 
gives greater control, permits a barium meal examination 
immediately following cholecystography, and results in an 
economy of time and personnel. 


Valuable adjunct in diagnosis of diseases 


Kinevac provides a sample of gallbladder bile that may be 
aspirated from the duodenum for analysis. In conjunction 


with secretin, it stimulates pancreatic secretion for analysis 


of its composition and examination of its cytology. 


A significant scientific achievement 


Sincalide, the C-terminal octapeptide of cholecystokinin 
synthesized in The Squibb Institute for Medical Research, 
reproduces all the known biological activity of the intact 
cholecystokinin molecule. 





Kinevac: 


Sincalide for Injection 





©1977 E. R. Squibb & Sons, Inc. H637-501 


KINEVAC (Sincalide for Injection) 


DESCRIPTION: Kinevac (Sincalide for 
Injection) is a sterile, lyophilized, white 
powder of the synthetic C-terminal 
octapeptide of cholecystokinin. Each vial 
provides 5 mcg. sincalide with 45 mg. 
sodium chloride as a carrier; sodium 
hydroxide or hydrochloric acid may be 
added during manufacture to adjust the 
DH to 5.5 to 6.5. When reconstituted with 
5 ml. of Sterile Water for Injection 
U.S.P.,each ml. contains 1 mcg. sincalide 
and 9 mg. sodium chloride. 


CONTRAINDICATIONS: Contraindicated 
in patients sensitive to sincalide 


WARNINGS: Usage in Pregnancy— 
Although no teratogenic or antifertility 
effects were seen in animal studies, data 
are inadequate to determine the safety 

of sincalide in human pregnancy. 
Accordingly, sincalide should be used 

in pregnant women only when, in the 
judgment of the physician, the benefits 
outweigh the possible risk to the fetus. 


Usage in Children— he safety of 
sincalide for use in children has not 
been established. 


PRECAUTIONS: The possibility exists 
that stimulation of gallbladder contraction 
in patients with small gallbladder stones 
could lead to the evacuation of the 
stones from the gallbladder, resulting in 
their lodging in the cystic duct or in 
the common bile duct. The risk of such 
an event is considered to be minimal 
because sincalide, when given as 
directed, does not ordinarily cause 
complete contraction of the gallbladder. 


ADVERSE REACTIONS: G.!. symptoms 
such as abdominal discomfort or pain, 
and an urge to defecate, frequently 
accompany the injection of sincalide. 
These phenomena are usually 
manifestations of the physiologic action 
of the drug, which include delayed 
gastric emptying and increased intestinal 
motility, and are not to be construed as 
necessarily indicating an abnormality 
of the biliary tract unless there is other 
clinical or radiologic evidence of 
disease. Nausea, dizziness, and flushing 
occur occasionally. 

For full prescribing information, 
consult package insert. 


HOW SUPPLIED: Kinevac (Sincalide for 


Injection) is supplied in cartons of 10 vials, 
each vial containing 5 mcg. of sincalide. 


SQUIBB” 

- The leader in 
radiologic 
diagnostics 
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Our Film Changer 


The new CP 500. If you ve ever 
seen the images produced by 
Pickers CP 420 Film Changer, 
you know what high-quality 
images it provided. You also know 
it was a little difficult to load the 
old style vacuum cassettes. 

So we made some significant 
changes. 

Pickers new CP 500 Film 
Changer uses lightweight 
cassettes, so the consistently 
superior quality radiographs 
associated with the CP 420 are 
possible without plastic bags or 
vacuum units. 

Our cassettes made the 
difference. Made from tough 
carbon-reinforced plastic, each 
cassette stands rigid under 200 lbs 
(91 ke) of evenly distributed 
pressure. This constant force 
presses the air out of the cassettes and assures 
intimate film/screen contact. 

Resulting image quality is second to none. 
To best suit your specific radiographic needs, the 




















has changed. 


CP 500 is available in Lateral, AP, Universal (photo lower 
left), and Biplane configurations. 

Exact procedure duplication assured. | he automatic 
accuracy of computer punchcard programming with the 
CP 500 assures exact procedure duplication. Thus, it allows 
for a library of programs encompassing the variations for a 
eiven examination and special techniques you may wish to 
employ. You can also select automatic exposure intervals in 
a desired time sequence of one to four films per second 
over a range of 36 seconds. 
Because the 
-programmer also 
triggers the injection, 
you can program 
coordination of the 
injections with the 
exposures. For peripheral 
angiography it programs 
the optional table-top 

shift and generator kV 
reduction. 

And, the same 

program card can be t 
used time and time 

again. The CP 500, like 

all Picker equipment, is backed 
by our nationwide service 
organization, which has a 

proven reputation for depend- 
ability. To order your CP 500 
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film changer, consult your local 
Picker representative, or contact 
Picker Corporation, or Picker 
OE EA 595 Mines d 


Cleveland, OH 44145. 
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ONE OF THE CIT SONIAIS 


YOU CAN ACQUIRE VALUABLE BACK VOLUMES AND 
SINGLE ISSUES OF THE PUBLICATIONS OF 


The American Roentgen Ray Society 


A limited quantity of the issues available are listed below. Orders are subject to the exhaustion of available stock. 
This offer is subject to withdrawal without notice. NOTE: For your convenience, the same price—$5.00-— applies to 
all issues—no quantity discount. 


Order BACK ISSUES of the Journal from: 
CHARLES C THOMAS * PUBLISHER 301-327 East Lawrence Ave. SPRINGFIELD «ILLINOIS 62717 


The American Journal of Roentgenology 


3, Nos. 1-6 (1960) Vol. 94, Nos. 1-4 (1965) Vol. 107, Nos. 2-4 (1969) Vol. 119, Nos. 1-4 (1973) 

, Nos. 1-6 (1960) ‘ol. 95, No. 1 (1965) Vol. 109, No. 1 (1970) ‘ol. 120, Nos. 2-4 (1974) 

5. Nos. 1-6 (1961) 'ol. 96, No. 3 (1966) Vol. 110, Nos. 2,4 (1970) 'ol. 121, Nos. 1-4 (1974) 

, Nos. 1-6 (1961) Vol. 97, Nos. 1,4 (1966) Vol. 111, Nos. 1-4 (1971) Vol. 122, Nos. 1-4 (1974) 

, Nos. 1-6 (1962) 'ol. 98, Nos. 2-4 (1966) Vol. 112, Nos. 1-4 (1971) ‘ol. 123, Nos. 1,3,4 (1975) 

, Nos. 2-6 (1962) Vol. 99, Nos. 1,3,4 (1967) Vol. 113, Nos. 1,2,4 (1971) 'ol. 124, Nos. 1-4 (1975) 

, Nos. 1-6 (1963) 'ol. , Nos. 1-4 (1967) Vol. 114, Nos. 1,3,4 (1972) 'ol. 125, Nos. 1-4 (1975) 

, Nos. 1-5 (1963) Vol. , Nos. 1-4 (1967) Vol. 115, No. 2 (1972) Vol. 126, Nos. 1-6 (1976) 

, Nos. 1,2,4,6 (1964) 'ol. 102, Nos. 2,3 (1968) Vol. 116, Nos. 2-4 (1972) Vol. 127, Nos. 1,2,4,5,6 (1976) 

2, Nos. 1,2,3,5,6 (1964) ‘ol. 103, Nos. 1,2,4 (1968) Vol. 117, Nos. 1-4 (1973) 'ol. 128, Nos. 2-5 (1977) 

, Nos. 1-4 (1965) 'ol. , Nos. 1-3 (1968) Vol. 118, No. 2 (1973) 'ol. 129, Nos. 2-6 (1977) 
5, No. 2 (1969) ‘ol. 130, Nos. 1-3 (1978) 
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| Everything we know about 
| money-saving, time-saving, 

! energy-saving ride sharing 

| programs is yours for the asking. 
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promotional help and other good things you and your i 
company should know about. 
| want to know it all. Please send your Double Up i 
kit right away. i 
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A public service of this magazine, the U.S. Department 
of Transportation and The Advertising Council. 








Heres what Business 
is doing for America 


through the United Way. 


Through a program of cor- 
porate giving, plus contri- 
butions from employees, 
American business is do- 
ing its share to insure a 
better quality of life for all 
of us, the United Way. 
The United Way makes 
possible the good work of 
local human service agen- 
cies in over 2,300 commun- 
ities around the United 
States. The services these 
agencies provide touch the 


lives of everyone. And have 
a positive impact on us all. 
Often, we take them for 
granted. And that's a mis- 
take. Because without sup- 
port, they would have to 
drastically curtail their ser- 
vices or, very possibly, cease 
tO exist. 

Imagine if there were no 
recreational facilities in our 
town. No mental health 
services. No youth 
organizations, assistance for 


the aged, child care centers 
or family counseling servi- 
ces. Imagine if there were 
none of the thousand and 
one other services for which 
the United Way lends fi- 
nancial support. It's un- 
thinkable. 

Thanks to your generos- 
ity, the United Way and the 
agencies it helps support 
will be here when we need 
them. 


Thanks to you...itworks...for ALL OF US. 





United Way 
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pulmorapi 





Pulmorapid is an advanced approach to chest radiography. 
The system consists of a film exposure cabinet and an inte- 
grated tubestand — both floor mounted. So your ambulatory 
patient always remains standing at the floor level during the 
examination. 

Exposure cabinet and tubestand are electronically 
interlinked to provide automatic centering of x-ray tube to 
film. No mechanical linkage. Patient-to-film distance is only 
20mm (.787") grid and phototimer pick up chamber in- 
cluded. And there's excellent film-to-screen contact via 
pneumatic pressure. Two systems are available depending 
on your choice of film formats— 14 x 17" (35cm x 43cm) or 
16x16" (A0cm x 40cm). And both models have a 12 x 12" 
(30cm x 30cm) image size reduction instantly available for 
pediatrics. 

Pulmorapidis offered with an integrated automatic 
film processor or with a removable film receiving maga- 
zine. With the film processor, you achieve exposed film 
to dry processed film in only 136 seconds. 

The new systems are designed for fast, easy 
technologist operation. Convenient 100 sheet film 
packs load quickly in daylight. Film is advanced 
and keyed automatically by simply inserting the patient s 
IBM type ID card. A digital film counter, of course, with warn- 
ing light when film supply reaches five sheets. And there s easy access to intensifying 
screens for routine cleaning. 

Other features include a removable grid— 110 line, 10:1 ratio, 72" focus and a U80 

; three field integrated phototiming pick up 
C chamber. 
i Pulmorapid. A clean, fast, cost effective 
system for chest radiography. 
Your CGR representative has all the details. 




























CGR MEDICAL CORPORATION 
2519 Wilkens Avenue 

Baltimore, Maryland 21223 
(301) 233-2300 


CGR CANADA LTÉE-LTD. 
500 Boulevard de l'Aéroparc 
Lachute, Québec, Canada 

e (514) 562-8806 


CGR 

13 Square Max Hymans 
75741 Paris, France 
213-8200 
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for use in: 

radiological conferences 
clinical conferences 
schools and hospitals 
reading rooms. 







the complete projector for: 


e full size radiographs 

e mult. format film reproduction 
of c.t. scans and ultrasound 

e magnification of 70mm and 
105mm 


call direct 716—882-0862 


, gordon consultants, inc. / 361 dewitt st., buffalo, n.y. 14213 EE. 
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STANFORD 


X-RAY STEREOSCOPE 
CONSULTATION IN 3-D 


International usage 
for over 39 years 


See Your X-Ray Dealer 
Manufactured in U.S.A. 


SCHNEEMAN ELECTRONICS, Inc. 
Grants Pass, Oregon, 97526 





THE DEPARTMENT OF RADIOLOGY 
UNIVERSITY OF MINNESOTA 


announces 


41st Annual Course 


PEDIATRIC RADIOLOGY 


September 11-15, 1978 


A five-day comprehensive review 
for practicing radiologists, 
including 


The applications of 
e Computerized tomography 
e Nuclear Radiology 
e Ultrasound 


to Pediatric Radiology today 


For further information contact: 


Continuing Medical Education 
c/o Annual Radiology Course 
Box 293 Mayo Memorial Building 
University of Minnesota 
Minneapolis, Minnesota 55455 


Telephone (612) 373-8012 
EQUAL EDUCATIONAL OPPORTUNITY 
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p90 to Deluxe Quality, 
Down 15'to Economical Price! 








Philips' full family of R/F systems offers every- and routine radiography with no ceiling sus- 
thing you need for universal diagnostics. pension required for any imaging systems 

We're especially proud of the Diagnost 53, a combination! 

90°/15° tilting table for universal diagnostics. Efficient, non-fatiguing operation of the fully 
(In tandem with the power, performance, integrated, physician-oriented, power-assisted 
operational and service simplicity of one of spot film device lets you devote all your time 
our three-phase, high output Classic Genera- to the examination. 


'rs, you have a classic combination! | | x ! 
tors, you have a classic combination!) Optimal geometric conditions, automatic 


The Diagnost 53 is engineered with Philips fluoroscopy control, Anatomically Programmed 
sophisticated specifications, yet priced in the 
very affordable middle range. It gives you full 
facilities for fluoroscopy, spot film radiography 





PHILIPS MEDICAL SYSTEMS, INC. 


{10 Bridgegort Avenue, Shelton, Conn. 06484 


~ 


| Diagnost 53 Ans 


Requires no ceiling suspension 
for any imaging systems combination 





Radiography (available with Philips Join the Philips family. It's more than quality 
- Modular Generators), and extensive spot film systems working for you: it's dedicated experts 
device travel are just some of the reasons working with you. 


you're assured of full value with consistently 
optimum diagnostic information. 
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THE CERVICAL SYNDROME (4th Ed.) by Ruth Jackson, 
Southwestern Medical School of The Univ. of Texas, Dallas. 
Foreword by A. Steindler. For this new edition, the author 
continues to stress the basics: fundamental anatomy, a careful 
patient history, meticulous examination, and adequate radiog- 
raphy. Improvements, additions and innovations, however, 
characterize every aspect of this new version of an established 
text. The anatomy of the cervical spine, the etiology of respon- 
sible factors, symptomatology, and clinical findings all receive 
expanded coverage. The sections on radiography and treat- 
ment have also been updated. '78, 416 pp., 459 il. (7 in color), 
$19.50 


PALEOPATHOLOGICAL DIAGNOSIS AND INTERPRE- 
TATION: Bone Diseases in Ancient Human Populations by 
R. Ted Steinbock, Harvard Medical School, Boston. Foreword 
by T. Dale Stewart. The author provides a systematic approach 
for diagnosing bone lesions in excavated skeletal series and in 
interpreting the significance of such diseases in ancient human 
populations. Chapters discuss the biology and gross anatomy 
of normal bone to aid in understanding the bone changes 
produced by pathological conditions. The major traumatic, 
infectious, nutritional, metabolic, degenerative and neoplastic 
diseases of bone are covered. The New England Journal of 
Medicine said, “This book is recommended for its thoughtful 
insight into many diseases with which every physician comes 
in daily contact. Physicians interested in radiology, ortho- 
pedics and pathology will particularly enjoy it.” 76, 440 pp., 
274 il., 16 tables, $22.75 


PANORAMIC DENTAL RADIOGRAPHY by Lincoln R. 
Manson-Hing, Univ. of Alabama School of Dentistry, Bir- 
mingham. As the first book on panoramic dental radiog- 
raphy, this comprehensive publication will be of interest to 
both clinicians and students of dentistry and radiology. The 
basic technical systems underlying the operation of the various 
machines are presented in a manner whereby diagnostically 
significant variations between radiographs made by different 
machines can be easily understood. The history of pantomog- 
raphy, the basic radiographic systems used, the variety of ma- 
chines available, radiographic anatomy and artifacts, case 
presentations and film processing and viewing are among the 
topics discussed. The material is presented with a great 
number of high quality radiographic illustrations and a min- 
imum of text. An extensive bibliography is also included. '76, 
196 pp. (8 1/2 x 11), 296 il., 6 tables, $32.50 


CORONARY ANGIOGRAPHY (2nd Ptg.) by Harold A. Bal- 
taxe, Cornell Medical College, New York City; Kurt Amplatz, 
Univ. of Minnesota Medical School, Minneapolis; and David 
C. Levin, Cornell Medical College, New York City. This vol- 
ume describes gross and radiographic anatomy of the coronary 
artery tree and provides a description of diverse pathologic 
processes involved. The text is not restricted to atherosclerotic 
coronary artery disease but also deals with congenital anom- 
alies. For those who are organizing a new laboratory devoted 
to coronary arteriography, there is a section describing equip- 
ment and techniques of catheterization. The chapter on com- 
plications gives a listing of problems one encounters and their 
order of frequency, and postoperative cdimplications due to 
new surgical procedures. Emphasis is placed on visual de- 
scriptions. Almost every condition is illustrated by accom- 
panying radiographs or schematic drawings. '76, 256 pp., 173 
il., $22.50 


ENDOMETRIAL CARCINOMA AND ITS TREATMENT: 
The Role of Irradiation, Extent of Surgery, and Approach to 
Chemotherapy edited by Laman A. Gray, Sr., Univ. of Louis- 
ville, Louisville, Kentucky. (27 Contributors) The role of irra- 
diation in the total treatment of endometrial carcinoma is 
explored, focusing on adjuvant irradiation in the treatment of 
Stage I adenocarcinoma of the endometrium and on the man- 
agement of carcinoma involving the cervix and body of the 
uterus. The extent of surgery and possible new chemothera- 
peutic approaches are also discussed. The importance of asso- 
ciated and related factors is clarified, and the combinations of 
modalities of treatment and sequence are detailed. '77, 240 pp. 
(6 3/4 x 9 3/4), 17 il., 138 tables, $22.50 


THE BASIC PHYSICS OF RADIATION THERAPY (2nd 
Ed.) by Joseph Selman, Tyler Junior College, Tyler, Texas. 
For its Second Edition, this book was completely revised. Ob- 
solete material was eliminated and several chapters were rear- 
ranged. The general format, however, remained essentially 
unchanged. A separate section was added to cover electron 
beam therapy and a new chapter was introduced to deal with 
the growing interest in radiotherapy with heavy particles. 
Chapters covering radionuclides were reworked and made 
more comprehensive, as was the section on radiation protec- 
tion. Major emphases remain in such areas as simple mathe- 
matics; basic physical concepts; radiation quality, exposure 
and dosage; therapy planning; new modalities; and radium 
and radionuclide therapy. This text will be of great value to 
the radiology resident for purposes of study and review, and to 
the student radiotherapy technologist as a basis of study for 
board examinations. It also offers a comprehensive refresher 
course that is of practical value to the experienced radiologist. 
76, 768 pp., 356 il., 66 tables, $25.75 


HEALTH PROTECTION OF RADIATION WORKERS by 
W. Daggett Norwood, Hanford Environmental Health Foun- 
dation, Richland, Washington. Essential information re- 
garding the health protection of radiation workers is provided 
in this book. Included are basic facts on ionizing radiation, its 
measurement and dosimetry; acute and chronic, somatic and 
genetic effects of radiation with emphasis on prevention; and 
radiation protection standards. Diagnosis and treatment of ra- 
diation injury from external radiation and/or internally depos- 
ited radionuclides are considered generally as well as 
specifically for each radioisotope. Other chapters discuss radia- 
tion accidents, atomic power plants, medicolegal problems and 
the medical supervision of workers. Though directed toward 
professionals in the field, this book will also educate the 
public concerning radiation hazards. '75, 468 pp., 16 il., 16 
tables, $27.50 


A STUDY GUIDE IN NUCLEAR MEDICINE: A Modern 
Up-to-Date Presentation compiled and edited by Fuad Ashkar, 
August Miale, Jr., and William Smoak, all of the Univ. of 
Miami, Miami, Florida. (22 Contributors) Comprised of ten 
sections, this text provides a comprehensive review of nuclear 
medicine. It will be particularly useful to persons studying for 
board examinations in nuclear medicine. The articles cover 
such topics as the interaction of gamma rays with matter, 
control of radiation exposure to man, basic mathematics of 
nuclear medicine, electrolytes and body composition, essentials 
of rectilinear scanning, cardiovascular imaging, and treatment 
of thyroid disease with radioiodine. Representative illustrated 
material accompanies the text. 75, 488 pp., 312 il., - 4 tables, 
cloth-$22.75, paper-$17.50 


Orders with remittance sent, on approval, postpaid 
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THE 


SOFT:STEERABLE 
CATHETER SYSTEM FOR 
NON-OPERATIVE REMOVAL 
OF RETAINED BILIARY STONES 
VIA THE BURHENNE TECHNIQUE’ 





CONCEPT 


Using the Burhenne technique and the MEDI-TECH steerable catheter, a 
significant number of non-operative removals of retained biliary stones have been 


achieved with consistent success.* 


The safe, simple procedure, developed by Dr. H. Joachim Burhenne, is 
performed as a follow-up to cholecystectomy, after it has been determined, by a 
postoperative cholangiogram, that there are retained stones. The procedure is 
performed, at least four weeks after surgery, by removing the T-tube and advancing 
the MEDI-TECH Soft Steerable Catheter through the remaining T-tube tract. 

Unique maneuverability of the soft-steerable catheter tip permits the physician 
to dislodge, manipulate and reposition the stone(s). Contrast media is injected 
through the Luer-Lock and the Open Lumen of the MEDI-TECH catheter to 
enhance visualization. Then, with the stone in desired position, a wire basket or 
snare is passed through the Tuohy-Borst fitting and the open lumen to the site. 
When the stone is secured, the entire assembly is withdrawn. Although the soft-tip 
provides sufficient torque for this procedure, patient discomfort is minimal and 


no anesthesia or pre-medication is used. 
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AN X-RAY CINE FILM of the Burhenne procedure is avail- 
able. Please contact MEDI-TECH to arrange a viewing of 
the film and to obtain copies of reference articles plus 
complete information on the MEDI-TECH/ BURHENNE 
Biliary Catheter System. 


THE COMPLETE BILIARY CATHETER SYSTEM includes the 
MEDI-TECH Remote Control Handle, Special Biliary 
Catheters and Wire Stone Removal Baskets. 


ALSO 


the same MEDI-TECH Control Handle is used with a variety 
of other catheters and special accessories to perform a 
broad range of vascular, bronchial, GI and other procedures 
described in MEDI-TECH literature. 
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372 Main Street, Watertown, Mass. 02172 
L] Please send me complete information and prices on 
the Soft-Steerable Biliary Catheter System. 
L] We would be interested in viewing the X-Ray Film. 
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